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Wide Band Transmission in Sheathed 
Conductors 


HE Annual Report of the American Telephone and Tele- 
graph Company for the year 1934 speaks of “A radically 
new form of transmission cable adaptable for use either over- 
head or underground on heavy traffic toll or long distance 
routes.” The development referred to and another develop- 
ment covering carrier systems for use in existing cables or 
cables of similar types may be classed together under the title, 
“Wide Band Transmission in Sheathed Conductors.” 
These developments have been well presented in four papers 
entitled: 


“ Carrier in Cable” 

“Systems for Wide Band Transmission Over Coaxial Lines” 
“Wide Band Transmission Over Balanced Circuits ” 

“The Electromagnetic Theory of Coaxial Transmission Lines 
and Cylindrical Shields ” 


The first of these was presented at the summer convention 
of the American Institute of Electrical Engineers in 1933. 
The others were presented at a similar convention in January 
of this year. Other technical papers have covered important 
features of these developments, notably a paper on “ Stabilized 
Feedback Amplifiers” presented at the 1934 midwinter con- 
vention. 

The present article has been prepared in response to the sug- 
gestion that readers of the QUARTERLY may be interested in a 
brief discussion of certain of the outstanding technical features 
that these papers have presented. 


TECHNICAL FEATURES 
These papers all deal primarily with forms of telephone cir- 
cuits in “cable.” Where such cable construction is employed, 
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the circuits will generally be included in lead sheaths, the di- 
ameter of these sheaths being no larger and frequently much 
smaller than the diameter of full size telephone cables. 

For routes carrying many circuits, cable has advantages 
which are well recognized in the telephone art. It is exactly 
for such congested routes that these new developments have 
an important field. They will have, as do other forms of 
sheathed conductors, the great advantages of an impervious 
metal wall which shuts out the weather except for its tempera- 
ture changes and minimizes the effect of outside electrical fields 
such as those produced by adjacent power circuits. When the 
cables are placed underground, temperature changes penetrate 
very slowly and physical hazards are lessened. 

It is characteristic of these systems that each wire circuit 
carries a wide frequency range. This idea is not wholly new 
to telephone people, since it has been common practice for 
some years for pairs of open wires to carry frequency ranges 
to an upper limit of around 30,000 cycles. These new sys- 
tems are remarkable in that the wide range is applied to 
sheathed circuits, which have the inherent inefficiency of any 
circuit in which the wires are close together, and in that the 
frequency ranges transmitted do not stop at the present limits 
of open-wire circuits but go boldly up to possibly 60,000 cycles 
in existing cables and to one or more millions of cycles for cir- 
cuits in specially built cables. 

Such systems would be of little use for telephone purposes 
were it not for the fact that each wide frequency band can be 
readily carved into slices of just the right width to carry any 
desired type of communication. These slices may be 4,000 
cycles wide to transmit telephone messages, somewhat wider 
for program circuits, only 100 or 200 cycles wide for telegraph 
transmission, and one or more millions of cycles wide if tele- 
vision circuits are required. It is not possible, however, to 
make very sharp edges to these slices. Because of this a re- 
gion along the borders of each slice can not be effectively used 
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for the transmission of the message but must be left to prevent 
adjacent messages overlapping into each other. For example, 
each ordinary telephone circuit probably will be given a width 
of somewhat over 2,800 cycles. The difference between this 
and the 4,000 cycles taken by each telephone slice represents 
these separating regions. 

This idea of slicing up frequency ranges is also not new to 
telephone people, since in the open-wire carrier systems now 
employed the total range up to 30,000 cycles is divided into 
six one-way carrier telephone circuits, leaving the lower end 
for an ordinary telephone circuit. The remarkable features of 
the new developments are the extent to which this slicing 
has been carried and the methods employed. Let us assume, 
for example, a one-million cycle band, and further assume that 
the lower 100,000 cycles is discarded. This still leaves a 
900,000-cycle band in which there is room for some 225 slices, 
each of the width required to carry a one-way telephone circuit. 

Since the power losses suffered by currents passing over a 
wire circuit increase with the frequency, these wide bands in 
sheathed construction necessarily mean that the high fre- 
quencies die out very rapidly as they travel along. To over- 
come this, it is necessary to place vacuum tube repeaters at 
frequent intervals. We have come to think of around fifty 
miles as a normal repeater spacing for cables. For these new 
systems, repeaters will be spaced perhaps at twenty mile 
intervals or less for the lower frequency ranges and ten mile 
separations or even shorter for those transmitting very high 
frequencies. This close spacing of repeaters is made prac- 
ticable by recent developments in the form of amplifiers, as 
discussed later. Since each repeater handles the whole range 
of frequencies passing over the circuit, the cost of the re- 
peater may be divided among the many separate communi- 
cation channels which it carries. 

Separate circuits in sheathed cable must necessarily be close 
neighbors. Crosstalk between them has long been an out- 
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standing technical problem. In general, not more than about 
a millionth of the power in a telephone circuit may be per- 
mitted to pass over into an adjacent circuit. As the fre- 
quencies are increased in ordinary types of cables, the problems 
become more difficult. For the frequencies involved in these 
systems, it is necessary in some way to take advantage of the 
fact that if circuits are separated from each other by metal 
shields their effect on each other is very much reduced. 

The first difficulty which appears in using high frequencies 
is where groups of circuits transmitting messages in one direc- 
tion are adjacent to groups of circuits transmitting messages in 
the opposite direction. This is due to the fact that large ener- 
gies may be going out, for example, from a repeater station, on 
circuits of one of the groups, while the other group is receiving 
very small energies from some distant repeater station. The 
first use of shielding, then, is the simple one of placing the 
groups of circuits transmitting in one direction in a cable sepa- 
rate from that carrying the groups of circuits transmitting in 
the opposite direction. Where transmission in the two direc- 
tions is thus kept in separate cables, it is possible to transmit 
up to, say, 60,000 cycles over a considerable part of the con- 
ductors in existing cables by means which have been developed 
for improving the balance of the different circuits to each other. 
This consists of installing, in each repeater section, sets of little 
coils and condensers between a large number of combinations 
of wires in each cable. We may see considerable use of wide 
band systems transmitting up to about 60,000 cycles along the 
existing cable routes where separate cables are available for 
transmission in each direction. 

If we keep to this same idea of having the two directions of 
transmission in separate cables, it is possible to build new 
cables of so greatly improved balance that very high fre- 
quencies can be transmitted over them without mutual inter- 
ference. For such new construction, it is also possible to put 
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the two directions of transmission in one cable if we divide it 
by shields into two parts. 

A more flexible arrangement is made by wrapping a metallic 
shield around each individual pair of wires. This permits 
properly constructed pairs to transmit frequencies of a million 
cycles or more and yet be bundled together without considering 
in which direction each is transmitting. Another form of con- 
struction consists of a central wire surrounded by, and insu- 
lated from, a flexible outer tube of metal. This has become 
known as the “coaxial circuit.” It may be thought of as 
starting with a shielded pair of wires with one of the wires re- 
moved and the shield itself used as the return conductor. It 
is a nice question as to the relative advantages of the shielded 
pair and the coaxial circuit. At voice frequencies and for some 
distance above, the pair is preferable because the shielding ef- 
fect of the outer conductor is not large at low frequencies and 
the symmetry and balance of the pairs are needed to prevent 
mutual interference between adjacent circuits. For wide 
bands extending to very high frequencies, the lower part of the 
frequency range may be left idle with little loss. For the high 
frequencies, the shielding effect is so perfect that the balance 
of the pairs is not important. It is proposed to make a trial 
installation of a circuit of the coaxial type. 

There are many interesting developments connected with 
each of the new features of these systems. Of particular im- 
portance is the form of amplifier used. In this, some of the 
energy from the output is carried through special circuits and 
put back into the input in such a way as to lower the amplifica- 
tion but obtain remarkable stability and freedom from distor- 
tion of the amplified currents. The amplification used in each 
repeater is over one thousand times the amplification which has 
been used in the carrier system on open-wire lines. The 
powers in the transmitted messages are allowed to go down to 
the point where the noise due to the motion caused by heat of 
the molecules of the conductors becomes the limiting considera- 
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tion. Convenient modulators and demodulators are made of 
solid material rather than vacuum tubes. Electrical filters 
make use of mechanical elements. Automatic regulators hold 
the transmission efficiencies of the circuits closely constant, 
independent of temperature variations or other changes. 

It is not necessary, however, to go deeply into these inter- 
esting features to understand the broad principles involved. 
Essentially we have: (a) closely spaced circuits surrounded 
by sheaths; (6) shielding playing a very important part in 
preventing interference into and crosstalk between the cir- 
cuits—this possibly carried to the point of having each circuit 
consist of a single wire entirely surrounded by a shield, the 
shield acting as the second wire of the circuit; (c) each circuit 
containing many repeaters but transmitting through them a 
wide band of frequencies; and (d) arrangements at the termi- 
nals to carve such a wide band into slices of just the right size 
and to place the corresponding types of communication into 
them. 

VIEWPOINTS 


One type of person likes to think of any new development as 
a fulfillment of the past and delves deeply into the history of 
the art to find the beginnings of the ideas which have created it. 
Another type appears more interested in the newness of the 
methods employed and takes delight in noting how completely 
the development departs from past practices. It so happens 
that these present developments can well satisfy an observer 
with either of these viewpoints. 

For the first, we may note that in the use of a high-frequency 
range, with the messages separated by selective devices from 
each other, these systems are closely related not only to our 
carrier systems over wire but to radio. We may note, further, 
that before radiotelephone methods were known, crude forms 
of carrier telephone systems over wires were invented and ex- 
perimented with to some extent. For telegraph, we can go 
back to Dr. Bell himself, who, when he invented the telephone, 
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was working on a telegraph system in which a number of mes- 
sages could be transmitted simultaneously over a wire circuit 
using different frequencies. 

For the second of these types of mind, there are many fea- 
tures of the systems, each of which is a striking departure from 
the past. We are already accustomed to tremendous amplifi- 
cation in ordinary cable circuits; but consider what is involved 
in transmitting the wide bands through sheathed conductors! 
If a commercial call is now put up over cable facilities, say from 
Bangor, Maine to Fort Worth, Texas, the total power ampli- 
fication involved is 10° (equal to the figure 1 followed by 
120 ciphers) under average conditions, and more under high- 
est temperature conditions. This is the ratio of the energy 
actually received over the circuit to that which would be 
received without amplifiers, supposing, of course, that the 
minute amount was not lost in interference. This ratio has 
been picturesquely stated as about that between the vol- 
ume of the electron and the volume of the universe as sug- _ 
gested in Jeans’ book on “ The Universe Around Us.” If we 
consider, however, the transmission of a million cycles through 
a coaxial conductor of about one-third inch in diameter over a 
3,000-mile cross-country circuit, we have a power loss of about 
10°*°, which, it will be noted, is the present tremendous ampli- 
fication of the Maine to Texas call multipled by a ratio repre- 
sented by the figure 1 followed by 1,680 ciphers. Moreover, 
this tremendous amplification must be maintained by auto- 
matic regulation so closely to that of the total loss in the cable, 
that the resultant difference will not vary more than that which 
would be caused by a few miles of 19-gauge cable in an ordi- 
nary circuit. 

A frequency range approximately a million cycles wide con- 
tains all the ordinary broadcasting channels in this country. 
One of these proposed million-cycle wide circuits will then 
transmit a frequency range as wide as that used in such broad- 
casting. This range, furthermore, it is proposed to divide into 
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over 200 telephone channels. Incidentally, any one of the 
telephone channels can itself be carved into a dozen telegraph 
channels. 

The comparison between a coaxial circuit of perhaps one- 
third inch diameter carrying a million cycles and the methods 
used in radio transmission for a similar frequency range is very 
interesting. In the radio case the waves are of comparatively 
great power spread out over a tremendous area. In the 
sheathed conductor case it is as though a little bit of space is 
taken in the form of a long tube of small diameter extending 
for long distances but this space so carefully shut off from all 
its surroundings and so carefully adjusted and controlled that 
hundreds of independent messages of low power can be simul- 
taneously transmitted through the narrow region. 

Since the early days of telephony, the use of ground return 
circuits with their inherent unbalance has been confined to out- 
lying country regions. Balance has become one of the primary 
considerations of the telephone system, particularly for toll 
purposes. These wide band systems involve two outstanding 
developments as regards balance. First, in connection with 
the use of wide bands in existing cable, balance has been neces- 
sarily carried to a refinement which is far beyond anything ever 
before attempted. In the very high ranges, moreover, as 
already noted, it is quite possible that balance will be entirely 
abandoned, complete dependence being placed on the shielding 
effect of the shell forming a part of the coaxial circuit; thus 
the art returns for such systems to an unbalanced circuit. 

Not the least of the departures from past practice concerns 
the use of telephone repeaters. On the present cable toll 
routes, repeater stations are separated at intervals of around 
fifty miles. These stations may each contain a considerable 
number of repeaters. They are equipped with testing arrange- 
ments and with highly reliable power supply. For most of 


the time they are attended by maintenance people. With. 


these new systems, stations of somewhat similar form and sep- 
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aration will be required, although the number of repeaters 
may be reduced because of the large number of channels car- 
ried by each repeater. In addition, these new systems will re- 
quire repeater stations intermediate between these principal 
repeater stations, the number depending on how wide a fre- 
quency range is being transmitted over the circuits. As al- 
ready noted, the spacing between repeaters on very wide band 
systems may be as short as ten miles or less. All of these 
repeaters could not be handled in the same manner if the sys- 
tems are to remain economical. To meet this changed situa- 
tion, repeaters are being developed to be self-contained units 
of such size that a small number may be placed in manholes, 
hung on poles or housed in other convenient ways. They must 
be of such form and so housed that they can operate for con- 
siderable periods without attendance. To insure further 
against failure of these unattended repeaters, the current to 
operate them may pass over the wires in the cables them- 
selves. 

In the “ filters,” which are the selective devices which play 
a highly important part in carving up the frequency ranges, 
there is an interesting departure from past practice in the use 
of mechanical vibrating elements in place of electrical reso- 
nances. The communication engineer has generally felt that 
electrical circuits had possibilities of flexibility and control far 
beyond anything that mechanical devices could afford. We 
have in these filters, however, a deliberate use of mechanical 
vibrating elements because such elements vibrate with less 
energy loss than any electrical circuit which can be devised at 
comparable cost. 


UsrE oF WipE BANpD SysTEMS 


Although our Laboratories are well advanced in the forming 
of these new systems, considerable further development work 
is required for commercial application. Furthermore, the time 
of the introduction will depend upon a great many factors, in- 
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cluding the demand for additional large groups of communica- 
tion facilities. Their practical introduction is, therefore, not 
immediately contemplated and in any event will necessarily be 
a very gradual process. 

The plant of the Bell System is so extensive and includes so 
many different conditions that the picture we get as to the use 
of these developments depends a great deal on where we look. 
It is perfectly evident that if we confine our attention to the 
important routes between the large cities in the highly indus- 
trialized sections of the country, there are large possibilities of 
caring for further growth, first, by application of these develop- 
ments in the lower frequency ranges to existing cables, and 
later by the still wider frequency range systems as further 
growth takes place or replacements of plant become necessary. 
If we take the toll plant as a whole, we are met by the fact that 
in any country-wide system giving universal service, there are 
necessarily long stretches and a large total line mileage where 
the demands for facilities are not heavy. For such situations, 
no forms of sheathed conductors can now compete economically 
with open-wire circuits. The use of the systems will also be 
considerably influenced by the results of the effort being made 
to make them available for comparatively short lengths. 

A factor in attempting to assess the future use of these de- 
velopments is television. The development of television trans- 
mitting and receiving equipment has made large advances in 
recent years. Along with this, however, has come an increas- 
ing realization that only the tremendous frequency widths of 
a million cycles or more will give worthwhile results. The 
transmission of these very broad bands forms a highly impor- 
tant part of the over-all technical problems of television. The 
transmission problems start with the production of the currents 
at the point where the interesting event is happening, and con- 
tinue to the points where the currents enter the receiving sets. 
This transmission may involve radio broadcasting stations and 
the sets receiving from them. It may also involve circuits 
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extending from the pick-up point to these broadcasting stations 
or to other distributing centers. Whatever may be the final 
field of television, these wide band developments represent an 
outstanding contribution to the solution of the transmission 
problems involved. 

O. B. BLACKWELL 


155 








Dust Storms and Telephone Service 


Editor’s Note: 


The following report to the Chief Engineer of the Southwestern Bell 
Telephone Company by the Company’s General Building and Equipment 
Engineer refers to a sectional situation but is printed here because of its 
general interest to all readers of the BELL TELEPHONE QUARTERLY who 
are concerned with the maintenance of telephone service under unusual con- 
ditions. 


HE dust storms which have raged intermittently through 

the western Great Plains area for the past year and a half 
have been called to the attention of nearly everyone living east 
of the Rockies, either through the newspapers or by personal 
observation. The heavy rains of May have turned much of 
the dust bowl into a sea of mud, and the memory of the dust 
storms, like most catastrophes, is rapidly fading into the past, 
except, perhaps, to those most intimately concerned. Never- 
theless, it seems appropriate and of probable interest at this 
time to review this great phenomenon, its causes and effects, 
and especially its reactions upon the telephone service in the 
areas immediately affected and those contiguous thereto. 

The general area within which these storms originated is 
indicated in Figure 1. This coincides, in general, with what is 
quite commonly known as the dry farming regions of West 
Texas, Oklahoma, Kansas, Nebraska and the Dakotas. It is 
interesting to note that in this area there is raised on an aver- 
age about one-third of the total wheat crop of the United 
States. The territory most affected by the storms includes 
this area of origin and also as far east as the Mississippi River. 
While the effects were observed still further east, they were 
more in the nature of a transient phenomenon. Dust from 
these storms has been reported as far distant as New Hamp- 
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Fic. 1. Tsat Dust Erosion Is Nort an Isoratep Prostem Is Inpicatep sy THIS 
Map. Erosion Was Most Severe IN THE Dry-Farminc Bett (1) EAST OF THE 
Rocxy Mountains From WESTERN TEXAS TO THE CANADIAN Borper. WITH A PRE- 
VAILING WESTERLY WinD Dvurinc Most or THE SpriInc, THE Dust CLoups WERE 


Carriep Over A Vast AREA IN THE Mississippr VALLEY, oF Wuicu Sr. Louis (2) Is 
THE CENTER. 


157 








BELL TELEPHONE QUARTERLY 


shire and points in the Gulf of Mexico and even out over the 
Atlantic Ocean. 


A DESCRIPTION OF THE STORMS 


Throughout the areas most seriously affected, a bright clear 
day was rare and the air most of the time was filled with fine 
dust particles. The more severe storms occurred with almost 
the suddenness, although not the accompanying violence, of a 
tornado. Out of a comparatively clear sky a black cloud 
would suddenly appear, and within ten or fifteen minutes an 
entire town would be enveloped to the extent that visibility was 
reduced practically to zero, and breathing became extremely 
difficult. 

These severe storms frequently continued for six or seven 
hours, during which business practically ceased and people re- 
mained indoors. A number of instances are reported wherein 
the residents of even small towns became lost and were unable 
to find their way home until the storm had subsided. At the 
height of one of the storms, a passenger train failed to make a 
scheduled stop because the engineer was unable to see the town 
as he passed through it. As a rule the railroads, bus com- 
panies, and state highway officials ordered all traffic stopped 
during the worst periods, in the interest of safety. 

At the height of a severe storm, the darkness was so great 
that it was literally much darker than the darkest night. The 
darkness was almost impervious to the headlights of an auto- 
mobile or even of a locomotive, due to the presence of such 
great quantities of dust in the air. Some appreciation of the 
density of these dust clouds may be obtained from the accom- 
panying photographs. Figure 2 shows the approach of the 
dust clouds. Figure 3 was taken on the main street in Garden 
City, Kansas at 5:15 on the afternoon of April 14, 1935, and 
Figure 4 from the same point fifteen minutes later. 

The densest dust clouds were, of course, formed by the higher 
velocity winds, the highest recorded being in the order of 38 to 
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40 miles per hour. These high winds carried such great 
amounts of dust that drifts were deposited against fences and 
across highways and in some cases almost covered farm build- 
ings. Some idea of the drift deposits may be obtained from 
Figure 5, which shows the piling up of dust along a railroad 
right-of-way. The pole line in the background is a section of 
the Kansas City-Denver line between Ingalls and Garden City, 
Kansas. The rather startling effects of the drifting dust are 
also illustrated in Figure 6, which shows a tractor practically 
buried. 

In addition to the drifts, great quantities of dust were gradu- 
ally deposited after the full force of the wind had subsided. 
Figure 7 shows the dust being removed from the Telephone 
Building lawn at Dodge City, Kansas, after one of the worst 
storms of this year. In Figure 8 the dust removed from the 
Telephone Building lawn at Garden City has been collected 
into one pile containing approximately two tons of deposit. 
This was taken from the grass plot, which measures 15’ x 30’. 
At the State Experimental Farm near Garden City, the dust 
removed from the lawn was weighed and estimates made indi- 
cated a deposit of 350 tons per acre. 

The effect of the storms was, of course, most severe in the 
immediate dust bowl area, but extended as far east as St. Louis 
with severity sufficient to diminish the sunlight and cause de- 
cided discomfort to inhabitants. Cities west of St. Louis and, 
of course, nearer the dust bowl, such as Kansas City and Okla- 
homa City, were affected to a considerably greater extent than 
was St. Louis. A peculiar phenomenon attending these storms 
was the steel-blue appearance of the moon and even of the sun 
at midday because of the dust in the atmosphere. At points as 
far removed from the dust origins as St. Louis, there was the 
depressing reaction due to the lack of sunshine and the feeling 
that valuable property was being destroyed in neighboring 
states. Housewives were more materially affected, as shown 
by their endeavors to keep their homes free from dust. 
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The dust clouds were composed of the more finely divided 
particles which make up the top soil of the high plains regions. 
The principal constituents are quartz and the silicates of 
aluminium, sodium, potassium and calcium, with some organic 
matter. The particle sizes vary between rather wide limits, 
but the majority have been found to be close to four ten thou- 
sandths (.0004) of an inch in diameter. This dust is so fine 
and clings so closely that it is almost impossible to remove it 
by ordinary sweeping or dusting methods. 


CAUSES OF THE Dust STORMS 


Now, as to the causes of the dust storms. The impression 
that these storms are new to the high plains regions should be 
dispelled. While the storms of the past year and a half have 
been of unusual severity, dust storms have been a rather 
common occurrence for many years. As a matter of fact, they 
were recorded in Kansas as early as 1830, when a Rev. Isaac 
McCoy reported encountering dust storms during an expedition 
leaving Ft. Leavenworth, Kansas, in September of that year. 
His description is similar to that of present day storms. 

The reason for the unusual severity of the recent storms is 
probably a combination of several factors. An enormous acre- 
age of pasture or grazing land had been broken and placed in 
cultivation during and immediately following the World War, 
due to the high price of wheat prevailing at the time.. The 
level nature of the country and the low cost of the land were 
favorable to the use of heavy-type planting and harvesting 
machinery, and wheat raising was undertaken on a very large 
scale. “ Dry farming” was extensively practiced and one suc- 
cessful season followed another, with the natural result that 
more and more acreage was placed under cultivation, and the 
beginning of the present decade found the high plains support- 
ing a greater population than ever before. 

Beginning with the year 1930, however, there have been five 
successive years wherein the rainfall was either greatly deficient 
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or ill timed for the support of vegetation. In the western Kan- 
sas section in these five years the precipitation each year has 
been below the average and each year lower than the preceding 
one. Asa natural consequence, vast areas were practically de- 
nuded of vegetation and left without protection from the ero- 
sive effect of the winds which blow almost continually in the 
high plains regions. 

In its natural state, this prairie country is covered by a thin 
but tough stand of a short grass known locally as buffalo grass. 
This is a very effective covering, preventing wind erosion of the 
soil. During the drouth of the past five years all vegetation, 
including this buffalo grass, suffered a great deal and, in ad- 
dition, the grass which remained in the area not under cultiva- 
tion was grazed more closely than usual in an effort to prevent 
the starvation of cattle. This further denuded the soil and ex- 
posed practically the entire area to wind erosion. 

The impression prevails among some that irreparable dam- 
age has been done to the fertile soil of this great wheat raising 
section of the United States. It is the opinion of leading 
agronomists that while no doubt there has been some damage 
done to top soil, particularly in the areas affected by the worst 
dust storms, on the whole very little permanent damage has re- 
sulted. In the immediate dust bowl area it amounted to some 
extent to a transfer of the soil from one section to another and 
then a re-deposit back, due to shifting winds. In the area out- 
side of the dust bowl region the deposit of fertile dust has, no 
doubt, enhanced the value and fertility of the soil. It is esti- 
mated that in Kansas, out of eight million acres subject to 
erosion and blowing, only about 350,000 acres have been seri- 
ously damaged. Of course, a serious effect is the loss of the 
wheat crop for 1935, but some authorities feel that the lack of 
moisture during the winter had in any event precluded a pay- 
ing crop for this year. The drifted soil, too, presents a prob- 
lem which will entail considerable expense before these drifts 
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are removed and spread evenly over the land and the lighter 
deposit mixed with the heavier soils. 

While there have always been dust storms in this region, 
those best informed feel that the destructive storms of the past 
few years can be avoided by concerted effort to restore vegeta- 
tion and by modifying farming methods to some extent. It is 
probable that a considerable acreage should be returned to its 
native state and used for grazing purposes. The buffalo grass 
(Bouchloé Dactyloides) would be ideal for this purpose if it 
did not present certain difficulties. It is an extremely short 
grass, the seed matures very rapidly, and immediately when 
ripe the entire seed head falls to the ground. As yet no way 
has been developed for harvesting this seed, but at the Kansas 
State College consideration is being given to the design of a 
suction type of machine for harvesting it. In addition, ex- 
perimentation is under way by State and Federal agencies with 
European and Asiatic grasses adapted to similar dry regions. 

For the areas which are under cultivation, a method called 
“deep listing ” is advocated to prevent dust blowing. A lister, 
or “ middle buster,” is an implement similar to a plow, which 
cuts a deep furrow and deposits the upturned soil on both 
sides, leaving ridges of large lumps of the harder earth. These 
resist erosion better than a smooth surface and the ridges also 
serve as small windbreaks. It is understood that the State and 
Federal authorities advocate a series of five or six listed fur- 
rows every twenty rods and feel that the miniature windbreaks 
thus provided will prevent serious erosion and any great amount 
of soil being carried away by the wind; and that the Federal 
Government plans a belt of trees approximately one hundred 
miles wide extending from the Canadian border southward into 
the Texas panhandle. This tree belt is expected to serve both 
as a windbreak and as a means for conserving such moisture as 
falls in this area and it is hoped will definitely limit the area of 
erosion. The difficulties of raising trees in this dry region are 
obvious and a considerable period will, of course, elapse before 
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Fic. 2. AN APPROACHING Dust SToRM 





Fic. 4. Brtow: THe MAIN STREET IN 
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Fic. 3 Asove: THE MAIN STREET IN 
GARDEN City, KANs., at 5:15 P.M. on 
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Fic. 7. Removinc Dust FROM THE LAWN OF THE TELEPHONE BUILDING AT DODGE 
City, Kans., Arter ONE OF THE Worst Dust SToRMS OF THE YEAR. 
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DUST STORMS AND TELEPHONE SERVICE 


it is known whether this project, if undertaken, will prove of 
any material value. 


EFFECT ON TELEPHONE SERVICE 


Telephone switchboard equipment in the areas most affected 
by the dust storms is of the manual type. The nearest offices 
having step-by-step dial equipment are at Wichita, Kansas; 
Oklahoma City, Oklahoma; and Amarillo, Abilene, and Wichita 
Falls, Texas. Amarillo is actually in the dust bowl and the 
other towns are outside and some as far as 200 miles distant. 

In none of these offices has there been any unusual increase 
in trouble which might be attributed to the presence of dust. 
No doubt this is due to the unusual precautions which were 
taken and to the fact that the equipment was in first class work- 
ing condition as regards cleanliness before the storms. During 
the storms, the windows and doors were kept tightly closed and 
the windows sealed either by means of a plastic caulking com- 
pound or by the use of a masking tape such as is used by paint- 
ers and decorators. The advisability of sealing may be more 
apparent from Figure 9, which shows a cloud due to the re- 
moval of accumulated dust between the screen and window on 
the second floor of the Dodge City building. 

In addition, the unit ventilating apparatus which is available 
in the dial offices was operated on a recirculating basis, thus 
repeatedly filtering the dust out of the air in the room. Work- 
ing conditions in these dial offices were very good even during 
the worst of the storms. In the offices not equipped with unit 
type ventilators, switchboards and apparatus as well as floors 
and window sills were cleaned almost constantly in an effort to 
prevent accumulations of dust. In the office at Dodge City 
during one of the most severe storms, the outside working 
forces were called in to help and the entire switchboard and 
other equipment were cleaned and the floors mopped seven 
times in one day. Since some trouble was experienced with 
dirty relay contacts, the contacts were cleaned and certain of 
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the relay covers sealed with friction tape to prevent recurrence 
of the dust trouble. 

At one of the connecting company exchanges, the South- 
western Company has a “D” type carrier system which 
repeatedly developed dirty contact trouble. In order to elimi- 
nate this difficulty the carrier equipment was completely en- 
closed in a box made of wall board which prevented a recur- 
rence of the trouble. As might be expected, there has been 
some slight increase in central office switchboard troubles and 
also some at private branch exchange switchboards. These 
were minimized by frequent routine testing and cleaning, and 
in some cases even vacuum cleaning after storms was resorted 
to. By these means much potential trouble was prevented and 
no serious complaints were received from subscribers. 

The very slight increase in station troubles including dials 
was surprising. In general, the outside plant suffered very 
little and the only trouble experienced was due to dust collect- 
ing in cable terminals, particularly the 14 type. Later, when 
rains came, some leakage troubles developed due to the com- 
bination of dust and moisture. A thorough cleaning elimi- 
nated this difficulty. 

The most serious handicap to sustained good service was 
caused by static discharge from rural and toll lines. It ap- 
pears that, with the extremely dry conditions prevailing, the 
fine particles of dust and sand in their passage through the air 
accumulated an electrical charge which upon contact was trans- 
mitted to the open wire lines. The effect of these charges was 
a severe popping noise similar to that experienced at times on 
the radio and this was frequently severe enough to make con- 
versation difficult or even impossible. Also at times the dis- 
charges caused slight shocks to the operators at the switch- 
boards. These shocks occurred chiefly on the rural positions 
when the operator picked up the calling cord in completing calls 
from metallic rural lines. 


There is not available an exact measure of the severity of 
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the static discharges, although there are stories to the effect that 
barbed wire fences, radio antennae and similar wires were 
luminous at times. Relief from the static discharges which 
caused interruptions to toll and rural service was temporarily 
obtained by grounding the circuits through suitable high im- 
pedances. In the case of the rural lines, this was done by 
bridging the circuit with 2500-ohm ringer having the center 
point grounded. For toll lines, relief was obtained by ground- 
ing the phantom circuits, if not equipped for telegraph service, 
or by grounding the telegraph legs if the circuits were so 
equipped. These temporary expedients proved quite satis- 
factory. 

Another effect of the static was to charge objects such as 
automobiles, with the result that a large number of people 
trailed chains or wires from their cars either to prevent acci- 
dental shock from a discharge or to eliminate a fancied danger 
from explosion of the gasoline tanks. This was a common 
practice throughout the area, although it was not employed on 
any of the cars in the Bell fleet. 

In common with experience in catastrophes of all sorts, 
traffic loads increased remarkably during most of the storm 
periods. From April 10 to 14, when the most severe of the 
storms occurred in western Kansas, the local traffic loads in- 
creased to twice the normal amount and the long distance 
traffic was from 50 per cent to 75 per cent higher than normal. 
Except when the toll circuits were seriously affected by static 
disturbances, ample facilities, both local and toll, were avail- 
able and it was possible to maintain a uniformly good service. 
In spite of all precautions, the air in the operating rooms at 
times was so filled with dust that breathing was difficult and it 
was necessary to give the operators frequent relief for the pur- 
pose of clearing their throats of dust and relieving the strain 
due to talking under such unfavorable conditions. 

The daily papers and the news reels may have created the 
impression that the dust has caused a great deal of illness and 
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a considerable increase in the death rate due to pneumonia and 
other respiratory troubles. While there may have been some 
increase in illnesses of this type and some increase in the death 
rate, the records of the Telephone Company’s Benefit and 
Medical Department show no increase in illness attributable 
to the dust. The Plant forces took the precaution of wearing 
respirators when engaged in necessary outside work during 
severe storms and Figure 10 shows a lineman so equipped. 

While the Telephone Company’s attendance and illness rec- 
ords show no increase, it is possible that the dust aggravated 
some other conditions which led to the reports of serious ill- 
ness and death. Reports from the Commissioner of Health of 
the State of Oklahoma state that a careful examination of the 
people in the counties most affected disclosed only an irritation 
of the throat and bronchial tubes. However, the reports fur- 
ther state that it is possible at a later date silicosis may develop 
as a result of dust irritation. It is expected that there should 
be an increase in difficulties due to nose and throat irritation 
even though people in these areas protected themselves as well 
as possible by covering their noses and mouths with handker- 
chiefs, towels and bandages of all sorts. School teachers were 
kept busy performing this service for school children before 
sending them home and it was reported that in some households 
one member of the family stayed awake during the night keep- 
ing the noses and mouths of the other members covered while 
they slept. 

In conclusion it can be said that while the conditions during 
the dust storms were extremely severe, yet the records and 
statistics show little, if any, reaction on the quality of the serv- 
ice. That this is so is due largely to the excellent condition of 
the telephone plant, to the high quality of maintenance, and 
especially to the fine spirit of codperation shown by all of the 
operating forces. 

G. J. VAN DE STEEG 


Acknowledgment is made to the Conard Studio, Garden City, Kan., for the use of 
photographs, and to the St. Louis Star-Times for the use of the map showing the 
area affected by the dust storms. 
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Electrical Communication: 
Past, Present, Future 


AN ADDRESS BEFORE THE NATIONAL ACADEMY OF SCIENCES IN 
WASHINGTON, D. C., ON APRIL 22, 1935 * 


ROM time to time during the past twenty years there have 

been presented at the meetings of the National Academy 
of Sciences demonstrations of outstanding scientific and engi- 
neering achievements in the field of electrical communication. 
These papers and demonstrations have been portrayals of the 
striking advances that have been made. They have covered 
such things as loud speaking telephones and public address 
systems when they were looked upon as new achievements; 
various aspects of wire and radio transmission; television; and 
the transmission and reproduction of orchestral music in per- 
fect auditory perspective. 

None of them, nor all of them together, nor all of similar 
discrete presentations of scientific and engineering progress, 
can portray properly the philosophy, science and art of electri- 
cal communication. In a way, such presentations tend to give 
a false understanding of what electrical communication really 
is and of the place it occupies in the social life of the world. 
Things of this kind, although extremely important, are merely 
spectacular eminences in the main topography. Viewed alone, 
they may satisfy our curiosity and provide us transient pleasure 
and excitement. Viewed against an understanding of the phi- 
losophy which underlies the development of electrical com- 
munication, they can do all of this and at the same time give us 

* More recent statistics are used in this article than were available when it was 


delivered as an address in Washington, and some of the material has been slightly 
rearranged for publication. 
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a real understanding of the level to which the main topography 
may be raised. 

If you here tonight have come in anticipation of witnessing 
something similar to the transmitted concert which was given 
in Constitution Hall a couple of years ago, you are destined 
to a distinct disappointment. It would be easy to produce 
something of the kind, but what I have chosen to do is to 
present the other and more important side of the picture as I 
see it. Probably it may appeal to you as a drab affair, but I 
hope that it will serve to tie together some of the presentations 
of the past and likewise to serve as a fiduciary plane for such 
presentations and demonstrations of electrical communication 
advances as may be given in the years ahead. 


Two ANNIVERSARIES OF Historic IMPORTANCE 


Three months ago there passed, with hardly a notice even 
among communication people, the twentieth anniversary of 
the day on which transcontinental telephony was established 
for the first time. In New York on that day two decades ago, 
Alexander Graham Bell, his hair and beard whitened with the 
passing years but using the same instrument into which in 
Boston thirty-nine years earlier he had spoken the now historic 
words “ Mr. Watson, come here, I want you,” again spoke to 
his friend. Once again he and his friend, the instrument which 
was the child of his brain, and his historic words, phrased in 
the somewhat courtly fashion of the time, were inscribing in- 
delibly a page in the book of human history. 

This time, however, it was a page consciously prepared for 
history’s book. The actors, the instrument, the very words 
had been lifted from their shrine and brought forward to float 
once more for a moment on that stream which never turns 
backward except when man plays with pageantry, sentiment 
and love. On this occasion it was a bit of pageantry, some- 
thing of sentiment and much of love which inspired the act. 
Nor did the scene from an older era appear to us who were 
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spectators as inappropriate or out of keeping, even when inter- 
polated in a very modern play. Even the stately language, so 
foreign to our daily usage, in which the young assistant was 
addressed, seemed eminently fitting for these participants on 
such an occasion—anything else would have made the play a 
burlesque. 

One thing only had to be different from the original—the 
finale. Not again could Mr. Watson play his part by respond- 
ing to the summons in person, for this time he was three thou- 
sand miles away in San Francisco. But he obeyed the com- 
mand in spirit and in word, and Mr. Bell and all of us who were 
present heard the reply and knew that another great dream 
had come true. 

A few weeks hence, before most of us are beginning to enjoy 
our summer vacations, another twentieth anniversary in elec- 
trical communication will occur. Probably it too will pass by 
essentially unnoticed, despite the fact that the event which it 
will signalize marked not only a monument in the course of 
electrical communication but likewise the beginning of one 
of the most astounding eras in the whole history of science. 
It is an era in which we still live and in which there is as yet 
little evidence of diminution of the new forces of science which 
the events of twenty years ago in the field of communication 
brought into being. 

In the spring of 1915, after years of painstaking foundation 
research climaxed by hectic months of final preparation under 
conditions where normal difficulties were enhanced a thousand 
fold by the growing agonies of a World War, human speech was 
projected across the Atlantic for the first time. Washington 
spoke to Paris and to Panama and Honolulu and there were no 
longer any frontiers to telephony, though ten years were still 
to elapse before commercial service was possible. 

Even though we sophisticates of 1935 may take the happen- 
ings of 1915 as matters of course, the two developments in com- 
munication just mentioned were matters of first importance 
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at the time. For days and weeks they superseded or paralleled 
the reports of battles in Europe and for months they filled the 
magazines with discussions, learned and otherwise, of their 
future effect on human affairs. In the scientific world the 
efficacy and power of the physical tools which had made pos- 
sible transcontinental and transoceanic telephony were at once 
apparent and journeys began into the fields of improved sound 
recording, radio broadcasting, talking motion pictures, picture 
transmission and television, not to mention a thousand and one 
minor fields of electrical communication and other fields far 
removed from it. 

Quite aside from any influence in collateral fields, the purely 
communication achievements of 1915 set that year apart as one 
of the few truly noteworthy years in the annals of telegraphy 
and telephony. In telephony it is second only to the year of 
Bell’s invention of the telephone itself. It is the year in which 
man, through science and engineering, gave final answer to the 
challenge with which from the beginning of time Nature had 
confronted him. Before 1915, Nature could say to man, 
“There are limits of distance beyond which you cannot go in 
free, intimate personal converse with your fellow men; you 
must work out your destiny within this limitation.” After 
1915, man could say to Nature, “There are no limits of dis- 
tance or physical circumstance which you can longer impose 
on me as regards my need or desire to speak face to face with 
any man anywhere; from now on I propose to work out my 
destiny free from this shackle of the past.” 

So much for a bit of history as a prologue to and justification 
for an address in 1935 on Electrical Communication. Despite 
the three equal divisions of the subtitle, I promise to tread 
lightly in the realms of the past—only enough to elucidate the 
present and the future. What I should like to do is to give you 
a thumbnail picture of electrical communication as we have it 
today and something of the view I have of it in the future. I 
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do not. intend to be technical, for that would interest only 
physicists, chemists and engineers—possibly not even them. 


THE CoMMON BASES OF ELECTRICAL COMMUNICATION 


What I hope to do, after giving you a very brief outline of 
the scientific and technical basis of electrical communication, 
is to picture for you something of the art which has developed 
during the past sixty years and something of the philosophy 
which has guided that development. If possible, I should like 
to fit the separate fragments of the mosaic together so that you 
will see them for what they really are, namely, integral parts 
of a single common whole. Such visualization is necessary for 
a complete understanding. It makes no difference whether 
your approach is from the realm of science and engineering, 
from that of commerce, industry or social reactions, or from 
that of political government seeking to adjust a new art to an 
old but changing way of living. Unless you can see the picture 
of electrical communication in full outline, any effort directed 
merely at a part, whether technical or otherwise, is more likely 
than not to be abortive in its permanent results. 

Partly because of the somewhat fortuitous way in which 
the several fields of electrical communication have developed, 
partly because of the vested interests involved and which think 
themselves in conflict, and partly because of a deep-seated 
though erroneous set of classifications, it is not easy to visualize 
this complete picture. Without it we are prone to think and, 
what is worse, to act in terms of telegraphy, telephony, radio 
broadcasting, telephotography, or television, as though they 
were things apart. Possibly our worst sins in this direction 
are to be found in the fields of business and governmental 
supervision and control, but science, engineering and social 
usage are not exempt. To some extent these wholly artificial 
and misleading classifications have been and are consciously 
perpetuated by those whose special interests will be served 
thereby. 
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For the rest, however, the difficulty is a failure to realize 
vividly that, one and all, they are merely variant parts of a 
common applied science. One and all, they depend for their 
functioning and utility on the transmission to a distance of 
some form of electrical energy whose proper manipulation 
makes possible substantially instantaneous transfer of intelli- 
gence. Mere transmission of electrical energy in any form 
does not provide electrical communication. It is the way we 
manipulate the electrical energy at the transmitting station 
which gives us our ability to communicate intelligence. Fur- 
ther, whenever and wherever we can transmit electrical energy 
to a distant point for one form of communication, we can, in 
general, use that same energy for all other forms of intelligence 
transmission. Sometimes, to be sure, one form 6f transmission 
is better than others for a particular service, but this is usually 
for reasons of greater reliability, economy, privacy or freedom 
from inductive interference. Generally, for point to point 
transmission wire circuits are best, especially on heavy traffic 
routes, while radio is especially adapted to broadcast trans- 
missions. 

In aii forms of wire transmission, the electrical energy is al- 
ways some sort of electric current which is guided by the wire 
from the sending to the receiving station. The way we ma- 
nipulate or “modulate” this current at the sending station 
determines whether we are concerned with telephony, teleg- 
raphy, telephotography or television. To. make the modu- 
lated current humanly intelligible at the receiving station, we 
must “ demodulate ” it in some fashion which will reproduce the 
same physical results as those which existed at the sending 
station. 

In all forms of radio transmission, the electrical energy 
which is to carry the message is radiated into space at the send- 
ing station and is “detected” or picked up at the receiving 
station. It is made serviceable for intelligence transmission, 
however, by “modulation” and “demodulation” operations 
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exactly. similar to those employed in wire transmission. 
Whether the transmission is telephony, telegraphy, telephotog- 
raphy or television depends solely upon which type of signal 
is used to modulate the carrying current. If the receiving sta- 
tions at which “demodulation” takes place are multiple in 
number, the transmission is commonly referred to as “ broad- 
casting,” but this does not change the inherent character of the 
phenomena. Exactly the same results would obtain with wire 
transmission if wires ran to the multiple receiving stations. 

Because of the wide diversity of conditions of service to be 
given, and of locations to be served, and the wide variety of 
transmission means available, choice in any particular case or 
for any particular service is primarily a matter of economics, 
and not of fundamental science, of engineering or of theories 
of governmental regulation. This being so, it is extremely un- 
fortunate for the orderly development of an applied science 
that means so much in human living, that our thinking and 
acting should have become so involved in non-existent cate- 
gories and in the complexities of physical apparatus. 

While all forms of electrical communication are merely va- 
riant adaptations of common physical phenomena, they can 
nevertheless be divided for convenience into two groups. The 
basis for this division is not, however, one of the methods of 
transmission or of the apparatus employed or even of the kind 
of service given. Rather it is a differentiation based on our 
physical senses of sight and hearing. 

If at the receiving station the interpretation of the message 
is conveyed to the brain through the ear in the normal function 
of hearing, it is telephony; if through the eye, it is telegraphy. 
Using this basis of distinction, all that we commonly call teleph- 
ony is telephony; so also is all that we commonly call radio 
broadcast, whether it be news, music or other forms of one-way 
electrical transmission of information or entertainment reg- 
istered through the machinery of hearing. We are not con- 
cerned with methods of transmission from the sending station, 
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except that they be electrical, nor are we concerned with the 
form or character of any apparatus that may be involved. 

On the other hand, using this distinction places all telephotog- 
raphy and television as well as all that we commonly designate 
telegraphy, whatever its form, in the classification of teleg- 
raphy. Here also, methods of transmission and kinds of ap- 
paratus are not involved. 

If some one should question these definitions on the ground 
that the signals heard and interpreted by the ship radio opera- 
tor, or the Morse man at the railroad station, are by them made 
to constitute these services as telephony, the answer is that 
these are special cases where the ear of the operator has been 
trained to do something normally performed by the eye. 

Added to the help which classification under these definitions 
is within the field of electrical communication itself, is the ma- 
terial aid which they give when it comes to relating and judg- 
ing electrical communication with other forms of communica- 
tion. 


THE KEYS TO THE DELIMITATION OF DISTANCE 


Chronologically, as is well known, telegraphy and telephony 
as here defined developed in the following sequence: wire teleg- 
raphy, wire telephony, radio telegraphy, radio telephony, and 
more recently the beginnings of television. In this they but 
followed progress in physical research and in the application of 
mathematical reasoning to physics. Even after Bell’s inven- 
tion of the telephone, long years were to elapse before wire 
telephony and telegraphy in their technical handling could be 
treated practically merely as parts of a common art. Long 
years likewise had to elapse before physical research made prac- 
tical radio telegraphy a possibility, and still other long years 
before its advances made possible an extension of this mode of 
transmission to the field of telephony. 

The development of practical radio transmission and the dis- 
coveries on which it was based are looked upon as marvelous 
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advances, and so they were. Largely, however, the measure 
of the marvel is due to the fact that we had become familiar 
with wire transmission. If the order of development had been 
reversed, the discovery of wire transmission by which intelli- 
gence could be conveyed from point to point, secretly, with 
many parallel channels placed close together and using very 
simple modulating and demodulating apparatus, would have 
appeared an even greater marvel, when contrasted to a system 
of limited channel capacity and no privacy except such as 
might be attained through the use of complex terminal ap- 
paratus. 

Oddly enough, the advancing knowledge in physics which 
made possible the adaptation of radio transmission to the re- 
quirements of telephony, namely, knowledge of how to produce 
and control electrons in vacuum, found its first great applica- 
tion in the field of wire telephony. Almost overnight it re- 
moved the barrier of distance to voice frequency wire teleph- 
ony. So powerful was this tool of the electron vacuum tube, 
taken in conjunction with another great development of mathe- 
matical physics which arrived almost simultaneously, namely, 
the electrical filter, that almost immediately it opened up the 
entire field of radio telephony and a vast new domain of pos- 
sibilities in all forms of wire transmission. 

In the forty years between Morse’s demonstration of a prac- 
tical wire telegraphy based on the discoveries of Faraday and 
Henry, and Bell’s invention of the speaking telephone, the only 
practical known method of modulating the line current was by 
complete interruption. This sufficed for the production of sig- 
nals at the receiving station which could be interpreted into 
messages. During these forty years, a great amount of in- 
genuity was applied to developments based on this form of 
modulation, and extensive telegraph systems both over land 
and under the seas came into being for the purpose of expedit- 
ing the transfer of intelligence hitherto conveyed by mail. 

Modulation by interruption was not, however, applicable to 
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telephony. Bell’s invention of the telephone provided a new 
method of modulation applicable over the frequency range of 
human speech and hearing. Approximately another forty 
years elapsed during which tremendous technical and com- 
mercial progress based on this new method of modulation was 
accomplished. Very considerable systems of two-way teleph- 
ony came into being and, within the limits of their physical pos- 
sibilities, distance as affecting an interchange of intelligence 
through speech and hearing was annihilated. The gulf be- 
tween wire telegraphy and telephony was likewise narrowed by 
the development of means for providing for both services 
simultaneously on the same circuit. 

There were, however, practical limits of distance to teleph- 
ony in this period, due primarily to the fact that the strongest 
modulated current which could be produced by the voice of a 
speaker became so attenuated by the transmission line as to be 
inadequate for producing audible signals in the receiver. Prior 
to 1915, all telephone systems were therefore unconnected 
islands, large or small, in the universe of speech communication. 

In the meantime Marconi, building on the work of Hertz, 
had demonstrated that practical radio telegraphy could be had 
by radiating electrical energy of enormously high frequency 
into space and modulating its flow by the complete interruption 
method of Morse telegraphy. For fifteen years, however, and 
despite much research work, there appeared to be no feasible 
way of employing this new art in telephony. 

The situation in the early part of the third decade of the 
present century was roughly as follows: 


1. Wire telegraphy based on interrupted direct current had 
been in use for approximately eighty years. It had reached a 
high state of technical development and there were substan- 
tially no limits of distance or location to which it could not be 
extended. 


2. Wire telephony based on the use of voice modulated 
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direct current transmission had been in use about half this time. 
Commercial two-way telephony had become a vital factor in 
social and business life but had reached substantially the limits 
of distance imposed by existing scientific knowledge. 

3. Radio telegraphy had made considerable advance, par- 
ticularly in the marine field and for random services where 
traffic was sparse or the costs of providing wire line excessive, 
but was confronted with somewhat the same obstacle as teleph- 
ony to effective application without regard to distance. 


Broadly speaking, the situation in the electrical communica- 
tion art about 1912 was that of three distinct fields of applica- 
tion—two of telegraphy and one of telephony—which were 
nearing the limits of their development through engineering 
application of existing scientific knowledge. Fortunately for 
electrical communications and for the society it served, funda- 
mental research in atomic and subatomic physics had been 
going on apace. Out of its results and the equally brilliant 
results of research in mathematics directed to the problems of 
electrical communication came the keys which unlocked the 
confining doors. 

The vacuum tubes of Fleming and DeForest and the electri- 
cal filters of Campbell were these keys. Neither the vacuum 
tube, which held the secret of electron control, nor the electrical 
filter came into the communication art fully grown. Both were 
embryos, but embryos whose future was clear to those wise in 
the ways of such embryos. 

As a result of appreciation and diligence over a period of 
less than two years, the research men of the Bell System had 
so developed these new tools as to push ajar the door of dis- 
tance blocking wire telephony and the door blocking the ap- 
plication of telephony to radio transmission. Both doors 
opened on a common passage, and from the time they were 
opened in 1914—15 there were no longer to be separate com- 
partments for the different kinds of electrical communication. 
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Development of the vacuum tube gave us first the distortion- 
less amplifier needed to annihilate the distance barrier in ordi- 
nary voice frequency telephony, and then the perfect genera- 
tors, modulators and detectors of high frequency currents 
needed in radio telephony. Likewise it, together with the elec- 
trical filter, opened up to wire telephony and telegraphy the 
whole field of modulated high frequency currents with their 
limitless possibilities as compared to mere modulation of direct 
current. Of course, these new possibilities did not come into 
being at once and even now, twenty years after the doors were 
opened, we have in many directions scarcely made a beginning. 
Even so, however, wire telephony and telegraphy have already 
at their disposal every scientific or technical device that has 
utility anywhere in the communication field, and, per contra, 
radio telephony and telegraphy have many of the tools and 
techniques of wire transmission. Where a few years ago a 
single simple channel was limited to one or at most a couple of 
simultaneous transmissions, we now have the possibility of an 
equally simple structure accommodating hundreds of non-inter- 
fering telephone or telegraph messages, and that without limit 
of distance. 


THE AMERICAN PHILOSOPHY OF SERVICE 


The importance of all this to the electrical communication art 
and to the society it serves lies not in the multiplicity of things 
we have or may later obtain, but in the fact that there are no 
longer any breaks in the science underlying the several parts. 
So far as the physical machinery of electrical communication 
is concerned, the engineer of the future will have the whole field 
to choose from and his choice will be determined in each case 
primarily by considerations of economics or policy and not by 
those of a limiting science. It is a condition which he must 
recognize fully. So, too, must those who direct and determine 
policy and regulation. 
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Probably in no field of applied science has man gone so far 
in the organized control of the forces of Nature and in the 
regimented operation of them in codperation with human en- 
deavor as in that of electrical communication. Nor is there 
any other field, I think, where he has gone so far in the way of 
making provision to avail himself immediately of every new 
development of fundamental science that may be serviceable. 
The marvel of even present-day accomplishments is almost 
beyond belief. 

To pick up a telephone anywhere, ask for a friend who may 
be separated by oceans and continents, and be told to “ Hold 
the line, please,” is to stretch credulity to the limit. To talk 
with that friend as though he were vis-a-vis, to recognize every 
intonation of his voice despite knowledge that the electrical 
energy of transmission has undergone hundreds, possibly even 
thousands of transformations on the way, is to exalt our respect 
of man’s control over the forces of Nature to a high point. 

To sit quietly in one’s home and hear in full voice words 
spoken on the other side of the world and to realize that some- 
where along the way, possibly several times, the modulated 
energy which was conveying intelligence to us and to thousands 
of others simultaneously had diminished to something less than 
the amount of energy we could collect from the North Star on 
our outstreched hands, is to take the whole thing outside the 
bounds of realism. 

Or, as we of this Academy did two years ago, to sit in a great 
auditorium and listen to a symphony orchestra in a distant city 
render for us music without flaw or blemish and with effects 
which neither they nor any human orchestra unaided could 
produce, is to open the doors to a future such as even Jules 
Verne never contemplated. 

Obviously, an achievement so intricate and vast as the whole 
of present-day electrical communication has been contributed 
to by many men in many lands. Their contributions have 
been those of science, invention, engineering, organization and 


179 











BELL TELEPHONE QUARTERLY 


operation. With full credit to all others it is, I think, no 
derogation to say that electrical communication is essentially 
and most largely an American thing—possibly our greatest and 
most unique contribution in the field of applied science. Cer- 
tainly both telegraphy and telephony as arts had their begin- 
nings in the United States and, whatever may be argued about 
the history of telegraphy, there can be no question as to teleph- 
ony. Born in America, it has always been and is now the 
leader and model for other countries. 

Just why this should be so, it may be difficult to say with 
exactitude. Other countries have scientists and engineers as 
well trained and administrators as able, venturesome and far- 
seeing. Possibly our lack of tradition and settled modes of 
life had something to do with it; possibly the adventure of it 
appealed more strongly to us; possibly it fitted better the tempo 
of our times; and possibly the fact that it had fifty years in 
which it could grow and develop essentially untrammeled by a 
too narrow and detailed dominance of political government was 
a major influence. Certain it is that, with few exceptions, 
telephony elsewhere has from its inception or after a brief 
initial period been either a function of political government 
or completely dominated by government. Inevitably, it has 
been subjected to all the restraints which seem to be a neces- 
sary concomitant of such government. In a developing art 
based on a rapidly growing fundamental science, it is fatal to 
progress and to the fullest fruiting for society to begin setting 
rigid standards, rules and regulations before you know what it 
is you are trying to standardize, rule and regulate and before 
that art has reached the quiet courses of mature life. 

But above and beyond all the reasons which may inhere in 
these factors, it seems to me that the principal explanation of 
American preéminence in the field of telephony resides in the 
fact that from the very earliest days of development we have 
had a definite philosophy and have sought in every way pos- 
sible to adhere to it. It is a philosophy compounded of faith 
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in the ultimate possibilities of science and engineering; of a 
belief that a universal telephony was a powerful and necessary 
tool for society; of a realization that maximum development of 
usage required the best possible service the art permitted, at the 
lowest possible price commensurate with cost and a fair return 
to those who gave the service. As indicative of the objective 
of this philosophy, a quotation from the charter of the Ameri- 
can Telephone and Telegraph Company, granted March 3, 
1885—more than fifty years ago and less than ten years after 
Bell first exhibited his telephone at the Centennial Exposition 
—may be illuminating: 


And it is further declared and certified that the general route of the 
lines of this association, in addition to those hereinbefore described or 
designated, will connect one or more points in each and every city, town 
or place in the State of New York with one or more points in each and 
every other city, town or place in said state, and in each and every other 
of the United States, and in Canada and Mexico; and each and every 
of said cities, towns and places is to be connected with each and every 
other city, town or place in said states and countries, and also by cable 
and other appropriate means with the rest of the known world, as may 
hereafter become necessary or desirable in conducting the business of 
this association. 


To appreciate fully the faith and daring of these words, it 
should be remembered that at the time they were written 
telephony was an infant thing of small utility and limited scope 
and that the things of science on which its future was to rest 
were as yet unborn. 

While the philosophy has been primarily that of the Bell 
System, it has in its main aspects been the guiding principle of 
all who have sought to develop telephony in the United States. 
The result is an essentially unified service, despite diversity of 
ownership. Nowhere else, so far as I am aware, is electrical 
communication dominated by such a philosophy. 

Implicit in the philosophy and explicit in its application for 
more than fifty years is the ideal of service as a means to an 
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end, of faith in the ability of science to develop and electrical 
communication to profit thereby, of a catholic attitude toward 
any and all means by which service may be extended and im- 
proved, of an avoidance of any and all fixed standards which 
tend to hamper and limit progress and render development 
their slave rather than their master, and of a belief that men are 
capable of building up and maintaining a vast and efficient co- 
operative organization of men and women imbued with and 
actuated by a common ideal. In operation here in the United 
States every function of research, engineering, manufacture, 
installation and operation, of finance, public relations and man- 
agement, is tested against this philosophy. While enormous 
progress has already been made, the end of the road is not yet 
in sight. Principal in the work ahead is the job of science, for 
while an operating organization can easily fail to get the most 
out of its physical tools, it can never get more out of them than 
they contain. 

While never specifically enunciated as part of the philosophy, 
there has nevertheless been from the beginning of telephone 
development in America a factor inherent in the definition of 
“best possible service”’ which for many years and until quite 
recently directed the growth of American, and at least the 
larger part of foreign, telephony along divergent paths. In 
recent years, foreign practice has tended to conform more 
nearly to that of the United States. 

From very early days the American conception of telephony 
as a “service” has been that of something to be furnished on 
demand and as nearly instantaneously as possible—not as some- 
thing to be furnished at the convenience of the purveying or- 
ganization. The goal of an ideal service has always been that 
of a “no delay” service, where the two parties are put in com- 
munication immediately following the request of the originat- 
ing party and while he remained at the telephone. Since the 
normal processes of our daily lives—our waking and sleeping, 
our business and social activities—are not uniformly distributed 
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throughout the twenty-four hours, they tend to concentrate our 
communication desires in certain peak periods. Strict ad- 
herence to the “no delay” principle in these peak periods 
means, therefore, inevitably the provision of much plant which 
must lie idle the greater part of the time, with consequent 
greater cost against each unit of usage than if the usage could 
be more uniformly distributed. It avoids, however, any ten- 
dency of the communication machinery to impose artificial 
restraints on the normal currents of human affairs. It also ad- 
mits of a simple uniform rate structure without any urge to 
establish preferred classifications of service. 

From the scientific and engineering point of view, it is this 
“no delay” objective for all telephone calls, more than any- 
thing else, which has imposed the greatest incentive and stimu- 
lus to intensive research and development. Obviously, a uni- 
versal “no delay” service can be obtained only if the physical 
means of communication are so cheap and reliable as to permit 
a profusion of plant sufficient to accommodate peak traffic with- 
out imposing an excessive burden of cost on the user. 

While we are still a long way from the ultimate objective, 
we have during the past ten or fifteen years made appreciable 
progress, especially over the longer distances, and that too with 
a diminished cost of service to the subscriber. Except for 
accidents, substantially every telephone connection anywhere 
in continental America, whether one calls by number or for a 
particular person, is now established while the calling party 
remains at the telephone. 

Contrasted with this “no delay” objective was the objective 
of maximum use of physical plant which for so long dominated 
most telephone development outside of the United States. 
While this was intended to reduce unit costs, it opened a Pan- 
dora’s box and let loose a host of unforeseen difficulties and 
irritations. It occasioned interminable delays which some- 
times amounted to hours on relatively short distance calls, with 
consequent irritation. To overcome this trouble is necessitated 
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the introduction of successive classifications of service, each 
more expeditious and more costly than the others, until for “no 
delay” service the charges were materially higher than those 
for the same distances here. At the same time, service at the 
base rate charge, except at off-peak periods, became unutter- 
ably poor. 

Finally, the whole scheme acted to force users against their 
will to bend their normal actions to fit their communication 
tools, rather than the reverse. Fortunately, the achievement 
of science in cheapening facilities, combined with its achieve- 
ments in producing means for worldwide telephony, with con- 
sequent necessity of uniformity at the highest level and a revul- 
sion against an intolerable situation, has now established a 
reasonably consistent criterion, to which most countries are 
working. 

I have dwelt somewhat at length on these phases of teleph- 
ony, partly to show the far-reaching effects of adherence to 
right or wrong concepts on the growth of an art and of the 
dominant influence of scientific research and engineering in 
establishing those right concepts; partly to emphasize a funda- 
mental difference between the major aspects of telephony and 
telegraphy. Within relatively wide limits and except for 
special cases, there is no necessity for “no delay” service in 
telegraphy. Inside these limits, technical endeavor to cheapen 
the means of transport is little if at all influenced by elements 
of delay. 


DISTINCTIONS BETWEEN Two MopEs oF TRANSMISSION 


With these considerations of philosophy behind us, a brief 
view of where the world stands in the year 1935 as regards 
the science and art at its disposal for telegraphy and telephony, 
and the use it is at present making of them, may be helpful. 

In the matter of science and art, all forms of transmission 
of electrical energy, whether wire or radio, are potentially 
available for any and all forms of telegraphy and telephony. 
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Choice of transmission means in any given case, except to 
mobile terminals, is essentially a matter of costs, reliability, 
density and character of traffic. Broadly speaking, radio trans- 
mission is a non-secret broadcasting method of conveying in- 
telligence, while wire transmission is a secret method confined 
narrowly to the terminals connected to the wire channels. In 
radio transmission, the number of non-interfering channels 
within any transmission range, though possibly large, is finite, 
while the number of wire channels is essentially infinite. 
Privacy in radio transmission can be obtained only in the spe- 
cial design of essentially complex terminal apparatus and can 
never be strictly secret. On the other hand, wire transmission 
(barring actual wire tapping) is essentially secret without 
selective design of terminal equipment. From its nature and 
the nature of the terminal equipment needed to “ modulate” 
and “demodulate” the transmitted energy, radio transmission 
is essentially unadapted for services such as ordinary telephony 
where random connection between any of a very large number 
of terminals is involved. Wire transmission, on the other hand, 
is ideally suited to such service. 

There are, of course, many minor considerations which in- 
fluence determination of means in any given case, but broadly 
speaking, it is the major characteristics which bring about final 
decision. Neglecting special cases or cases of use which per- 
sist because of historical reasons in the commercial develop- 
ment of the art, present-day electrical communication in its 
major usages conforms to these major characteristics. 

Wire transmission is indicated where privacy of communica- 
tion between indicated terminals is required, where traffic 
density is high and maximum reliability of service is a prime 
desideratum, or where instantaneous switching between a large 
number of terminals is involved. In most of these cases, also, 
consideration of over-all costs weighs strongly in favor of wire 
transmission. 

Radio transmission is indicated where broadcast dissemina- 
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tion of intelligence is desired and where reliability of service, 
though desirable, is not essential. It is likewise indicated for 
transmission to designated terminals where the intervening dis- 
tance is over water or over long stretches of difficult terrain, 
particularly over routes where traffic density is low and irregu- 
lar. It is, of course, uniquely indicated for the transmission of 
intelligence to mobile terminals, such as ships, airplanes and 
moving vehicles. 

Thus it is that practically all of the world’s ordinary tele- 
phone communication and the larger part of its regular tele- 
graph communication is handled by means of wire transmission, 
with radio transmission playing an auxiliary and minor role. 
Per contra, practically all of a one-way dissemination of news, 
music and entertainment and much of ordinary telephony and 
telegraphy over very long low density traffic routes is provided 
by radio transmission, with wire transmission playing an aux- 
iliary role. 


A SERVICE WORLD-WIDE IN Its EXTENT 


To give you a simple visual picture of how completely our 
present-day world is gridironed by its communication channels, 
the following figures may be of assistance. I have chosen these 
merely to give you first an idea of the completeness with which 
the people of the United States have been provided with tele- 
phone service and of the main traffic arteries over which this 
service is given (Figures 1 and 2). 

Likewise, I have shown in Figure 3 the the principal tele- 
phone arteries of Europe, in Figure 4 the principal radio tele- 
phone trunks which connect the principal telephone systems of 
the world, and in Figure 5 the principal submarine cable tele- 
graph arteries of the world. Unfortunately, it did not seem 
feasible to prepare a chart showing the established radio tele- 
graph routes, since these are obviously almost as numerous as 
the numbers of pairs of places where transmitting and receiving 
equipment is provided. In the main, however, the total 
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amount of telegraph traffic handled over the routes of this vast 
network is not great. 


Obviously, also, it is not possible in a diagram of this kind 
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| to depict the situation of such a thing as radio broadcasting. 
Radio broadcast of news, music and entertainment is commonly 
thought of as primarily a utilization of radio transmission. So 
it is, in the transmission from the radio broadcasting station to 
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the numerous radio receiving sets which may be within the 
transmission radius. In every case, however, preceding the 
first stage of high frequency transformation at the broadcasting 
station and following the last stage at the radio receiving set 
it is wire telephony. In the simplest case of an isolated broad- 
casting station where the source material is from a studio at 
the station or from a terminal in the immediate neighborhood 
of the station, the amount of wire transmission may be small. 
When, however, we come to consider chain broadcasting, with 
many broadcasting stations connected to a common studio or 
other program source, the conditions are materially altered and 
the radio portion becomes in effect the terminal distribution of 
a large and frequently complex wire transmission network. 
Going further still, to the case where the program source is in 
a distant continent, the transmission channel to the final radiat- 
ing broadcast stations is a combination of wire and radio trans- 
mission. (Figure 7 shows some of the wire broadcasting net- 
works in the United States. ) 

Now just a few statistics, and the main outlines of the picture 
of our present situation will be complete. 

In magnitude and importance in the field of electrical com- 
munication, ordinary telephony is the giant of the services. 
At the beginning of 1934 there were a total of approximately 
32,500,000 telephones in use in the world. Of this number, 
approximately two-thirds were operated by private companies 
and the remainder by governments. Approximately 51 per 
cent of the world’s telephones were in continental United States 
and approximately 56 per cent in North America. These fig- 
ures in themselves do not, however, give any vivid idea of the 
relative importance of two-way telephony in the social and 
business life of different countries. A better figure for this 
purpose is to relate the number of telephones per hundred of 
population in the several countries (Figure 6). With this 
yardstick, development in the United States at the beginning 
of 1934 was 30 per cent higher than the corresponding figures 
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for New Zealand and Denmark and 40 per cent higher than 
that for Sweden, which outside of North America were the 
next highest. As will be seen from the chart, it was many 
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times the average of that for the civilized world outside the 
United States. 

Another vivid illustration of the extent to which we in this 
country have gone in our adoption of the telephone is to point 
out that there are in the metropolitan area around New York 
City almost as many telephones in service as in all of Great 
Britain and Northern Ireland combined. 

Illustrative of the fact that ordinary telephony is the giant 
of the regular communication services, is the fact that in 1933 
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there were established in the United States a total of more than 
24,000,000,000 telephone conversations and in the rest of the 
world approximately 21,000,000,000 conversations. Compared 
with this were totals of approximately 145,000,000 telegraph 
messages in the United States and 750,000,000 telegraph mes- 
sages elsewhere. In other words, merely on a message basis 
comparison there were about fifty times as many transfers of 
intelligence through electrical means by telephony as by teleg- 
raphy. 

Of the stupendous amount of radio broadcasting of news, 
music and entertainment which has developed in the last de- 
cade, there is of course no way of estimating in any units such 
as can be employed for ordinary telephony and telegraphy, nor 
is there any way of picturing the distribution of such broad- 
casts. Because it is broadcast in nature, each transmission can 
be picked up by anyone within the range of transmission. 
Numbers of broadcasting stations, probable numbers of radio 
receiving sets and approximate amounts of money involved we 
may know something about, but as to the magnitude of the 
traffic or as to its effects on society, we have no yardsticks. All 
we do know is that it has come to be a vast thing and that we 
are still in the experimental stage of its usage. 

So much for the present; and now a word or two about the 
future as it appears to me. I say “as it appears to me” ad- 
visedly, because when it comes to dealing with the unknown 
future—even that of a narrow field—no two people are likely 
to have precisely identical views, even though they start from 
the base of a common understanding. 


THE DIRECTION OF FUTURE DEVELOPMENT 


First, as to the general question which is frequently asked, as 
to whether one form or other of electrical communication may 
not develop such a dominance as practically to eliminate its 
competitor, it seems clear that the answer is “no.” It is true 
that in the past fifty years telephony, because it was a newer 
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art, has developed much more rapidly than telegraphy and, in 
some sectors, at the expense of its rate of growth. It may and 
probably will continue, for some time to come, to grow more 
rapidly and possibly even in some directions at the expense of 
telegraphic growth. At the same time it is clear from past 
experience that whatever tends to facilitate interchange of in- 
telligence tends to stimulate growth in all of the various means 
by which intelligence is transmitted. Added to this general 
tendency is the further fact that new forms of telegraphy, that 
is, forms of electrical transmission which are appraised through 
the eye, have come into the picture. Also, many of the scien- 
tific developments which are acting to advance the art of teleph- 
ony are automatically benefiting the art of telegraphy by cheap- 
ening, simplifying and expediting its machinery. 

If there is serious danger to telegraphy, it resides, I think, 
not so much in other forms of electrical communication as in 
entirely different methods of transporting the permanent 
records of which telegraphy is the electrical carrier. In brief, 
the principal danger, if there is one, would seem to lie in the 
realm of air transport. Unless, however, this danger is more 
real than I think it is, and unless telephony in one form or 
another develops to such an extent and produces such a revolu- 
tionary change in the methods of life as to eliminate necessity 
for the written record, there would appear to me to be no likeli- 
hood of telegraphy following the course of the ancient galley 
or of the sailing ship. 

I have earlier mentioned that telephony and telegraphy have 
come to be parts of a common science and art where advances 
in one field may and frequently do find immediate application 
in the other. Since telephony is the more general case of elec- 
trical communication, it is natural not only that more of scien- 
tific attention should be paid to its problems but likewise that 
the greatest changes from the existing art are likely to result in 
it. There are, of course, some things which once done, remove 
completely the existence of a problem. For example, neither 
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in telegraphy nor in telephony will we ever again have to cope 
with the problem of overcoming distance. No matter how 
poorly we may be doing it at the present time, we nevertheless 
do know how to extend telephony and telegraphy between any 
two points on the earth’s surface, and we are prepared to make 
this extension promptly if necessity arises. Likewise, we do 
know how to make substantially instantaneous connection be- 
tween communication channels when these connections are 
desired in any random fashion. 
Within these and similar limitations there is, however, still 
a great amount of research, development and practical applica- 
tion work to be done before we approach the limits of a com- 
pletely comprehensive or completely adequate electrical com- 
munication service. Many of the things which we are now 
doing and will continue to do are done poorly when measured 
with the yardstick of what we know to be attainable or what 
we would consider to be wholly satisfactory. Vast though it 
is at present, electrical communication, and particularly teleph- 
ony, is still far from being a universal service of maximum 
utility, even in a country as strongly telephone-minded as is 
the United States. How far the present is from an attainable 
future is evidenced by the figures quoted earlier as to present 
usage here and in the rest of the civilized world. Telephony is 
peculiarly an art in which the value of the service increases 
rapidly with the number of places and people who can be 
reached substantially instantaneously. We may never have 
occasion to want to communicate with some one at some distant 
point, but then again an occasion may arise where it is a matter 
of the utmost importance to be able to speak with some par- 
ticular person at some particular spot and at a particular time. 
Technically we seem about to enter a new era in the develop- 
ment of means for providing great numbers of transmitting 
channels economically for our longer distance routes. Through 
intensive research it has been possible to devise a simple form 
of cable and a means of transmission by which literally hun- 
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dreds of telephone channels can be obtained in a structure no 
larger than one’s finger. Moreover, this structure is capable of 
transmitting the enormously wide frequency bands required in 
television—that newest of developments in telegraphy. This 
result marks the present stage of the advance which started 
twenty years ago as a result of the introduction of the vacuum 
tube and the electrical filter. Where the end of the road is, 
no man is wise enough to say. Nor is anyone wise enough to 
forecast what may be in store for us as we continue to find 
useful applications to electrical communication of the flood of 
new knowledge which continues to flow as a result of our delv- 
ing further into the secrets of Nature. 

In what I have said this evening, I have had in mind pri- 
marily electrical communication as an art. I have not had 
in mind those occasional transmissions of intelligence by elec- 
trical means which are not infrequently reported. When we 
read in the paper that Willie Smith in Brattleboro, Vermont, 
has conversed with Johnnie Jones in Sydney, Australia, using a 
home-made short wave radio set of small capacity, we are not 
considering electrical communication in the sense I have been 
considering it. Electrical communication, to be an art in the 
sense here under discussion, is much more than an occasional 
or fortuitous demonstration of scientific possibilities. It is a 
thing which must be available with a high degree of regularity 
to those who would use it. It requires for its giving, great co- 
ordinated service organizations. Unless it is regular and re- 
liable, it may be useful on occasion but it can never influence 
largely the scheme of men’s social and business intercourse. 
From a scientific and engineering standpoint it is apparent that 
our future course will result in structures and systems by which 
every form of electrical communication can be given over a 
plant which is largely interchangeable and readily adaptable to 
changing service requirements. 

Since complete development of telephony hinges upon the 
production of physical things of very great efficiency, very low 
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cost and of extreme reliability, it is peculiarly a problem for 
science and engineering. We have already gone far enough in 
science and engineering to have a sufficiently accurate view of 
the future to be able to say with practical certainty that, given 
the opportunity, science and engineering can produce for so- 
ciety all of the communication tools it may need to extend elec- 
trical communication in any desired form as far as the normal 
requirements of society may dictate. 


FRANK B. JEWETT 
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The Changing Years as Seen from the 
Switchboard 


Editor’s Note: 


The interviews appearing under the above title in current employee 
magazines of the Bell System are reprinted here as affording an interesting 
supplement to “ Opportunities for Women in the Bell System” which was 
published in the BELL TELEPHONE QUARTERLY for January, 1932. Previ- 
ous installments have appeared in the QuaRTERLY for January and April, 
1935. 


V. TRAINING METHODS—-THEN AND Now 


Readers of the last installment of this series of interviews 
will recall that it closed with a question put to Miss Katherine 
Schmitt regarding methods used in training operators for their 
work when she began her career at the switchboard in New 
York in 1882. 

“Well, in the very early days, we learned what we learned 
without a great deal of teaching,” was her reply. “In going 
over this material which has been collected from the women 
who were operators, as I was, in the Eighties, you have noticed, 
I suppose, what they have to say about how they learned their 
part in the telephone business? Well, their training methods 
were just about like what we got-—what I got when I went to 
work in the old Nassau office, in New York, fifty-three years 
ago.” 

It would be possible to select, at random, from the several 
hundred replies to the questionnaire sent to these pioneer opera- 
tors, a description of training methods that would be typical of 
practically every central office in the country at the time. One 
of the most graphic of these descriptions is that by Mrs. Mar- 
garet Mackin Hyatt, of Chicago, whose words regarding the 
opportunities for women in the telephone business in its early 
days were quoted in a previous interview. 
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“Our training,” says Mrs. Hyatt, “ was brief and was about 
as follows: (She obviously quotes her instructor, whoever he 
or she may have been) ‘ This is the switchboard; this is a plug; 
and this is a jack. When a drop falls, you will plug into the 
jack directly under the drop and speak into this part of the 
telephone (it is called the transmitter) and put this part to your 
ear (it is called the receiver). You will give your number, 
which is 36, and the subscriber will give you either the name 
or number of the party he wants. If he gives you the name, 
look the number up in the directory, write both numbers on 
one of these tickets, and pass it to the operator directly behind 
you, who will complete the connection.’ 

“Unfortunately for me,” Mrs. Hyatt adds, “the tone of 
voice to use was not mentioned, and as a result there was no 
doubt a startled subscriber when I yelled my number, and 
promptly received my first reprimand from an irate manager.” 

Almost invariably the new operators were seated beside 
more experienced girls and given headsets so that they could 
listen-in while the latter were at work. After a day or two of 
this, supplemented by such oral instructions as the older 
operators could give the recruits, the new girls were given a 
little operating to do during periods when the traffic was light. 
After an indefinite assignment at this part-time operating, they 
were informally graduated to full-time operating. That was 
substantially all the training that was given operators in the 
pioneer telephone days. 

“Yes, that was about the way things were done in New York 
when I started work,” comments Miss Schmitt. “It was all 
very informal—but it was also very personal, and when a new 
girl fell into the hands of an older operator who really took an 
interest in her, as was usually the case, she made remarkably 
rapid progress.” 
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Telephone Service Becomes More Complex 


As use of the telephone became more general and the amount 
of traffic increased, the problems involved in providing tele- 
phone service became more complex. These informal training 
methods became inadequate—partly because of the necessity 
of working more rapidly in order to keep abreast of the calls 
that came into the central offices, and partly because new ap- 
paratus was developed which could handle this increased traffic 
more efficiently, but which could do so only when the operators 
thoroughly understood how it was intended to function. 

Many of the telephone companies issued printed or type- 
written “ Operating Rules” with which the girls were expected 
to familiarize themselves, and, in some cases, to learn by heart. 
Some of these, however, did not deal so much with operating 
practices as they did with the organization and discipline of the 
central office. 

Perhaps the most important step toward more efficient work 
at the switchboard was the introduction of the present set-up 
of a chief operator and a number of supervisors in each office. 
The supervisors not only assisted the operators in their work, 
but actually continued their training, thus supplementing the 
preliminary instruction they had received. The use of super- 
visors did not become general throughout the Bell System until 
the late nineties or the beginning of the present century. 

Another milestone along the road that has led to the high 
degree of operating efficiency which now characterizes Bell 
System central offices was the establishment of the first opera- 
tors’ training department by a telephone company—one of the 
pioneer steps in vocational training, which has become wide- 
spread, not only in the telephone service but in many other 
industries. 


The First Training Course 


Miss Katherine Schmitt was the first manager of this train- 
ing department or school and, on the subject of this phase of 
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the training of telephone operators, speaks with an authority 
founded on long years of personal experience. Much of the 
information which follows is founded on her recollection of her 
training work, in which she was engaged as manager of this 
school, from 1902 to 1925, and as supervisor of training schools 
for the New York Telephone Company, from 1925 to 1930. 

The need for such a training course, it would appear, had 
been felt for some time by the management of the Metropolitan 
Telephone and Telegraph Company (now the New York Tele- 
phone Company). The establishment of the school was, how- 
ever, delayed until January, 1902, by which time the change 
from the magneto to the common battery switchboard had been 
completed in all central offices in New York City. 

The theory on which this school was based closely followed 
that which was generally accepted in educational circles at the 
time. There was a definite emphasis on classroom work, to 
which practice on the switchboard was supplemental. The 
equipment of the school accordingly consisted of a room fur- 
nished after the manner of a typical school room, which was 
used for what amounted to lectures and for study periods, and 
an operating room. The latter duplicated as nearly as possible 
the equipment of an actual central office, with a twelve-position 
switchboard, a chief operator’s desk, listening-in equipment, 
and so on. In addition to the manager and a chief operator, 
the staff consisted of a number of supervisors, all of whom were 
given preliminary training in their duties as instructors before 
the school was opened. 

Routine of the course included presentation, in the classroom 
or at the switchboard, of the operating instruction to be 
learned for the day; follow-up instruction and practice at the 
switchboard, the supervisors putting through from their desks 
calls involving the particular points covered in the day’s lesson; 
and considerable time spent in study in the classroom. 

Within a relatively brief space of time, the establishment of 
this school in New York was followed by the opening of similar 
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training courses in Chicago, Philadelphia, Boston, Denver and 
elsewhere throughout the Bell System. The facilities for 
training provided in the smaller cities and towns were, of course, 
less elaborate than in the more populous centers, but their 
courses were based on substantially the same principle as those 
of the metropolitan areas. Many thousands of telephone 
operators have received their preliminary instruction in these 
courses. 


New Educational Trends 


While the development of these courses was under way, there 
had begun, in educational circles generally and in vocational 
education in particular, a trend toward a closer relationship 
between the preparation for a job and the job itself. Many a 
student, trained under the system in which emphasis was put 
primarily on elassroom work, found great difficulty in passing 
through the period of transition from training to actual work. 
Many a telephone operator found that there was a vast degree 
of difference between a training course classroom or a practice 
switchboard and the job of handling a position in an actual 
central office—a difference which became the more marked as 
more emphasis was given to what may be called the school 
atmosphere. 

To meet these difficulties, the training of telephone operators 
has moved into another phase—a phase which, in some particu- 
lars, is reminiscent of the old days when a new recruit learned 
her job by sitting at a switchboard and doing it, under the 
guidance of an older or more experienced operator. But the 
present system of training is not simply a return to the methods 
of pioneer days—it is such a return, plus all that it has been 
possible to learn about education and about the telephone busi- 
ness in half a century. 

One of the best informed men in the Bell System on this 
phase of the training of telephone operators is Henry C. La- 
Chance, of the Department of Operation and Engineering, 
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American Telephone and Telegraph Company. To him the 
writer went for some first-hand information on training meth- 
ods now followed throughout the Bell System. 

“Our training to-day,” begins Mr. LaChance, “attempts to 
prepare the student actually to perform her specific job, and to 
give this preparation in a manner that is just as agreeable to 
her as we can make it, with a maximum of job atmosphere and 
a minimum of school atmosphere. 

“You know,” he continues, with a smile, “a lot of telephone 
operators—like a lot of other young women, and a lot of young 
men, for that matter—take a job because they are tired of 
going to school. Well, we have found that we can’t success- 
fully send a young woman like that to school when she applies 
for a job. What she wants is a job, and we try to make her 
feel that she has one. That’s what I mean by ‘a maximum of 
job atmosphere.’ 


Learning the Job on the Job 


“On a girl’s very first day with the telephone company, she 
is given a position on the switchboard at which she is to work. 
The rise and fall of traffic in all of our offices makes it possible 
to find positions which are not in actual use, so that they may 
be assigned to these new operators. At either side of the new- 
comer are experienced girls, busy with their work. The posi- 
tion to which she is assigned is identical with the others at the 
board and has, in addition, a key which protects the service 
against disturbance by practice calls. 

“‘ After the new operator has been seated at this position and 
given some informal instruction as to the handling of calls, a 
specially trained operator takes another position at the board— 
known as a ‘ control position ’—from which she can simulate the 
calls that will have to be handled by the new operator when she 
is given an actual working position. Under the guidance of 
her instructor, the student operator sets up these calls, which 
are in every respect like actual calls. After she has become 


205 














BELL TELEPHONE QUARTERLY 


proficient in this—and, incidentally, the training period is now 
considerably shorter than formerly—she is given an opportu- 
nity to handle actual calls during light traffic periods, and thus 
works into her job, almost without being aware of it. 

“This process of ‘learning by doing’ is supplemented by dis- 
cussion of operating practices and drills which may best be con- 
ducted away from the switchboard. Classes are held, but the 
groups of students are smaller than those in the training courses 
we formerly gave, and an effort is made to keep the atmosphere 
of these classes informal—in fact, we like to think of them as 
discussion groups, rather than as classes. 

“The emphasis in our training work, however, is placed on 
practical training at the switchboard, rather than upon class- 
room work, though both are important. And both are designed 
to meet the requirements of the particular central office in 
which the operator is to work. The process of fitting the train- 
ing to the job has been facilitated by a recent development 
which we consider most significant. This is a plan for analyz- 
ing the work which must be done by an operator in any par- 
ticular office. In effect, the overall job is broken down into 
separate steps, so that the essentials of any operating job may 
be determined with scientific accuracy, whereas formerly this 
was attempted on a basis of judgment. The result has been a 
much closer adjustment of the training effort to the actual job 
in each case. Today, our people take it for granted that the 
first step in formulating a training plan is to find out what the 
job really is—not as written in a book but as actually per- 
formed at the switchboard. 

“T cannot emphasize too strongly the advantages of carrying 
on this training, as we now do, right in the central office where 
the operator is to work when her training is completed. From 
her very first day, she becomes accustomed to the atmosphere 
of this particular office, and becomes a part of it. As all tele- 
phone people know, traffic conditions and service requirements 
vary widely in different central offices. Under our present sys- 
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tem, the training in each office is particularly suited to the re- 
quirements of that office, as determined by the analysis to 
which I just referred. 


“ Training is Never Finished” 


“Moreover, we make a point of continuing the training, even 
after a girl has been given actual traffic to handle. A moment 
ago, I used the expression ‘after her training is completed.’ 
I’d like to correct that—you see, an operator’s training is never 
finished. One of our objectives is to give her the opportunity 
of always learning to do her work better. Having the pre- 
liminary training done in the office where she is to work makes 
this continuation of her training much simpler. The oppor- 
tunity for self-improvement doesn’t involve ‘going back to 
school’ or taking what might be called ‘ post-graduate’ courses. 
Rather, it consists in seeking and receiving assistance from a 
competent supervisor in learning the refinements of the job 
while working at it. In other words, the operator’s job and 
her training for it have been brought so closely together that 
the two are, in effect, parts of the same activity.” 

These words of Mr. LaChance—this idea of bringing the job 
and the training for it as closely together as possible—come 
near to summing up the whole philosophy of the Bell System’s 
training of its employees, operators among them. Methods 
change—including training methods—but purposes remain con- 
stant. To give the best possible service at the lowest possible 
cost is the first and most fundamental of the purposes which lie 
behind Bell System methods. Whatever may be the training 
methods of the future, this much is certain about them: they 
will be directed toward the single objective of helping the tele- 
phone operator to do her work in the best possible way. 


VI. A Sounp MIND IN A Sounp Bopy 


“A sound mind in a sound body,” wrote a Roman poet, 
nearly nineteen hundred years ago, “is a thing to be prayed 
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for.” Hardly more than a century before this, in Galilee, an- 
other principle had been proclaimed: “ All things whatsoever 
ye would that men should do to you, do ye even so to them.” 

Generations came and went, each quoting these two sayings 
separately, apparently without dreaming that they might be 
related. Individuals prayed for, and sought in other ways to 
find—for themselves—the much to be desired combination of 
mental and bodily health which Juvenal had commended. It 
seems almost never to have occurred to them that one form 
of applying the Golden Rule was to seek a sound mind in a 
sound body for others. 

Specifically, it rarely occurred to an employer that there 
might rest upon him an obligation, other than that of self- 
interest, to care for the health of his employees. While Rome 
held sway, most of the world’s work was done by slaves; 
throughout the age of feudalism, it was done by serfs who were 
little better than chattels. Long centuries elapsed before em- 
ployers learned that proper care for the health of their em- 
ployees was both good business and good morals. Even after 
this fact had been fairly well accepted, many years passed be- 
fore any real progress was made in the direction of promoting 
the health of workers. 


A Business Newly Created 


Sixty years ago, when the telephone was born, the movement 
toward more wholesome and healthful conditions for employees 
in industry and business was still looked upon as an innovation. 
Even in long established enterprises, only a few forward-look- 
ing employers were taking serious thought as to the health of 
their personnel. And here was a business that had been but 
newly created, and was facing the problems that are common 
to all new businesses. They were tremendously preoccupied, 
those pioneers of the first decades of telephone history, in doing 
the thousand and one things that had to be done in order to 
make Bell’s invention work satisfactorily. It would have been 
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small wonder if they had come to the conclusion that, with a 
multitude of seemingly more important things crying out for 
attention, they had scant time to think of the health of their 
employees. 

And yet the evidence is clear that these men who, in those 
busy pioneering days, laid the foundations of the Bell System, 
laid also the foundation for what might be called the Bell Sys- 
tem’s philosophy or unwritten policy regarding the provision of 
wholesome working conditions for its employees, and for its 
present activities which are directed toward helping the em- 
ployees to take an intelligent interest in their own health. This 
philosophy, and the means for its practical application, did not 
come into existence full-grown. They have been the results of 
a long process of evolution, as has every other useful thing in 
the telephone business. Yet the initial steps in this evolution 
were taken in those first telephone years, more than half a cen- 
tury ago. 

Few men are more familiar with the fundamentals of this 
philosophy than Dr. C. H. Watson and Charles J. Schaefer, Jr., 
of the Benefit and Medical Department, American Telephone 
and Telegraph Company. On this subject both men speak 
with authority, Dr. Watson primarily from the standpoint of 
the medical man and Mr. Schaefer from that of one who has 
had wide experience in solving the administrative problems 
arising from the application of this policy to the requirements 
of the widely separated territories of the Bell System as a 
whole. 

Inseparable Obligations 

“Tt is a significant fact,” Dr. Watson began, “that the de- 
velopment of telephone service, at its very inception, fell into 
the hands of men who had not only high ideals as to the obliga- 
tion to the public which the provision of such a service carried 
with it, but who clearly saw that this obligation was inseparable 
from the responsibility of taking a personal interest in the wel- 
fare of their employees. 
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“This interest was, I think, originally only what that word 
implies. It was probably not even a definitely formed point 
of view. Rather, these telephone pioneers took an unconscious 
interest in their employees because it was natural for them to 
do so—they were that kind of men. Precedent crystallized 
this interest into a point of view, and the point of view, in turn, 
into a generally accepted philosophy. By a process of evolu- 
tion, this philosophy eventually became a definite part of the 
Bell System’s fundamental policy of providing for the public 
‘the most telephone service and the best.’ 

“Tn our health activities our interest is directed, as it should 
be, primarily toward the welfare of our employees. Secondar- 
ily it is directed toward the public, and the kind of service we 
provide for that public. In a very true sense, the welfare of 
employees and the quality of service are directly related. Put 
an operator, with a number of other operators, into a room that 
is inadequately lighted or improperly ventilated and heated, 
and see what would happen to your service. Or try giving the 
type of service we give now, without the provision of wholesome 
and attractive rest and recreation rooms or places in which the 
operators may have their meals. Or discard what we are doing 
along the line of giving medical advice or assistance when re- 
quired. Or abandon our health education activities. You will 
find that our philosophy as to the physical wellbeing of our 
employees is definitely a part of our policy of providing the best 
possible service.” 


An Operating Room in 1883 


The progress made in the practical application of the Bell 
System’s philosophy as to the welfare of its employees—and 
particularly of its operators—may, perhaps, best be shown by 
contrasting conditions in the typical operating room of a mod- 
ern central office with those in equally typical central offices of 
ahalfacentury ago. Here, for example, is a bit of description 
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from the pen of Miss Frances Oberbeck, who tells of the office 
in which she went to work as an operator in St. Louis in 1883: 


The office was located on the second floor of a three-story brick building 
which had been built for a store. The Telephone Company floor was 
divided into three rooms. The front room, which was the largest, was the 
operating room. It was heated by an old iron stove and lighted by a 
bracket of coal oil lamps suspended from the switchboard. This old stove 
was one which invariably needed cleaning on the coldest days of winter. 
Our chief operator would rake out the hot coals on a big sheet of tin, open 
wide all the windows so as to blow out the smoke, and clean the stove while 
we poor operators sat shivering at the switchboard, trying to establish con- 
nections. 

The middle room was the rest room. There was no ventilation except 
what came through from the operating room, and it was poorly lighted by a 
coal oil lamp suspended from the ceiling. The furnishings were most 
scanty. There was a long table where we ate our lunch, which we carried 
to work with us, a few chairs and a row of hooks upon which we hung our 
hats and coats. 


In Massachusetts, where the telephone was born and where, 
presumably, its development had gone farther, the physical con- 
ditions under which the operators worked were hardly less 
primitive. Miss Grace G. Hollis writes of an office in Somer- 
ville, as it was in 1885, in these words: 


The office at that time was located in a wooden building over a drug store. 
The company quarters included an operating room, a small office for the 
superintendent, and a stock room in the corner in which a wash room was 
located. Gas was used for lighting the rooms and a parlor stove provided 
heat. The night operator brought in enough wood and coal to keep the 
fire during the day, but in real cold weather the girls carried additional coal 
when necessary. The floors were uncovered and all washing, cleaning and 
general janitor work was done by the operators. 


When Lunch Time Came 


Another contrast, hardly less striking and significant, may 
be afforded by comparing a modern telephone company lunch 
room with the facilities, or the lack of them, with which the 
operators of pioneer days seem to have philosophically con- 
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tented themselves. Miss Augusta Greenslade, who began 
work as an operator in New York in 1892, gives this graphic 
description of some of the disadvantages which attended the 
lunch hour in her particular office: 


On my first day when I went to lunch I found that the mice had eaten 
half of what I had brought from home. Being young and always ready to 
eat, and not having money to buy another lunch, I finished what the mice 
had left. Thereafter I carried my lunch in a tin box. It was not con- 
sidered dignified to carry your lunch, so I carried my tin box in a black 
satin bag. 


An Evolution Under Way 


Even at the time when conditions like this continued to exist 
in some places, there is evidence that the evolution toward 
present-day health policies was under way in others. Here 
and there a few central office managers began the practice of 
providing for the services of a matron, who came in each day to 
prepare tea, coffee or hot water, or to lend a helpful hand to any 
operator who might be ill. In certain offices, in the Eighties 
and Nineties, it was the custom to supply free coffee, cocoa, 
bread, butter and fruit for the operators’ lunches. A lunch- 
room based on the cafeteria principle was opened as early as 
1895. By about the end of the first decade of the present cen- 
tury, most of the companies were providing dining service in 
their principal cities. From this point on, the development of 
the attractive, comfortable and carefully supervised dining 
room in the typical telephone office of the present day has been 
a process of gradual but steady growth. 

A similar process of growth from small beginnings has taken 
place with regard to the provision of medical facilities by the 
Bell System companies for their employees. A most elemen- 
tary form of providing medical treatment was that which some 
managers adopted, apparently at an early period of telephone 
history. In cases of illness or minor accident, a boy was dis- 
patched to the nearest drug store, with a modest sum provided 
out of company funds, to buy such medicines or simple drugs 
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as a layman’s diagnosis seemed to indicate were required to 
meet the situation. 

Another step forward was the emergency cabinet with which 
all but the smallest central offices were later provided. These 
were kept supplied with a moderate assortment of simple 
remedies for minor illnesses. 

If an operator was more seriously ill, she was sent home and 
advised to consult her family physician, or a doctor was sum- 
moned. Here, incidentally, is one of the fundamentals of the 


Bell System’s health policy, as Dr. Watson specifically points 
out. 


Not Substitute for Private Physician 


“Our medical work,” says he, “ never was and is not now in- 
tended to take the place of the services of the employee’s 
private physician. Sometimes our work is quite simple in its 
nature, as it was everywhere in the early days, and as it has 
to be in some localities even today. Sometimes it is more ex- 
tensive, as it is in many of our Associated Company head- 
quarters buildings, where we have many hundreds of em- 
ployees. In either case, our medical activity goes no further 
in the direction of treatment than the provision of relatively 
simple remedies in emergency cases, where the services of a 
family physician are not required, or of rendering temporary 
treatment to tide a patient over until his or her physician can 
be consulted. One of the most important services we perform 
lies in the direction of diagnosis and advice, in which we are 
often able to codperate closely with the employee’s private 
physician. 

“Our medical work has, of course, made another important 
contribution to the welfare of the employees. I refer to the 
physical examinations which prospective employees are given 
when applying for positions. These are important, not alone 
from the standpoint of keeping the physical condition of our 
personnel up to a high standard, but for the purpose of enabling 
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us to place each new employee in the position for which he or 
she is best fitted, mentally and physically, and in which, there- 
fore, he or she can best take advantage of the opportunities for 
advancement afforded in telephone -work. 

“In short, our medical activities are directed toward the ob- 
jective of getting employees who are fitted for the work to 
which they are assigned, and helping to keep them fit, mentally 
and physically, to do that work as well as itcan be done. That 
is our part of the job of giving the public the best possible tele- 
phone service the Bell System can provide.” 

An important step in the development of the Bell System’s 
health policy was the establishment, in 1913, of the Employees’ 
Benefit Plan, by means of which, in addition to other classes of 
benefits and pensions, provision is made for the financial care 
of employees during illness, through a continuation, for speci- 
fied periods, of full pay and half pay. This plan was likewise 
the result of a process of evolution. Quite early in telephone 
history, practices were followed in certain places which pro- 
vided some financial aid to employees during illness. How- 
ever, such practices, where they were in effect, differed with 
respect to amounts and periods of payments in the various 
Associated Companies. With the adoption of the Employees 
Benefit Plan, this financial care of employees during illness and 
certain other emergencies became systematic and was placed on 
a uniform basis throughout the Bell System. In the adminis- 
tration of this plan, the medical activities of the American Tele- 
phone and Telegraph Company and the Associated Companies 
play an important part. 


“ An Ounce of Prevention” 


It has been said, so many times that the expression has be- 
come a household adage, that “an ounce of prevention is worth 
a pound of cure.” This principle forms an inherent and essen- 
tial part of the Bell System’s policy as to the health of its 
employees. Like other phases of telephone development, this 
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preventive health work has been a growth from small begin- 
nings. In many cities the principle of “an ounce of preven- 
tion” was put into practical effect many years ago by managers 
who made it a practice to keep on hand in each central office a 
supply of dry stockings and slippers to be used by operators 
who came to work with wet feet. Rubbers and umbrellas were 
also supplied for the use of those who were faced with the prob- 
lem of getting home through an unexpected shower. Now, in 
all but the smaller places, each operator has an individual 
locker, in which she can keep her own supply of such articles. 

One of the most practical forms of preventing disease and 
illness due to accident is education. Largely out of the Bell 
System’s educational work in accident prevention and first aid 
training, at first confined to its male employees, has grown an- 
other branch of instruction designed particularly for women— 
the Health Course. 

Prior to 1925 a considerable amount of experimental work 
in health education had been done by several Bell System Com- 
panies, including the New York Telephone Company and the 
Bell Telephone Company of Pennsylvania. Mr. Schaefer par- 
ticipated in the development of the health courses given to its 
women employees by the latter company. In 1925 he was 
transferred to the American Telephone and Telegraph Com- 
pany, at the suggestion of the late Edward K. Hall, then Vice 
President in charge of personnel matters, and asked to assist 
in organizing a health course for women throughout the Bell 
System. He has been engaged since then in this and the other 
phases of the work of the Benefit and Medical Department of 
the American Company, and speaks out of wide experience. 


Facts, Not Fads or Fancies 
“Advice on health,” says Mr. Schaefer, in commenting on 
the fundamental reasons for the establishment of the course, 
“is one of the easiest things in the world to obtain. The trouble 
is that the advice which one receives is sometimes so heavily 
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tinctured with theory or with outright mistakes or misstate- 
ments that it is untrustworthy. To follow it may prove posi- 
tively harmful. 

“ At the time this course was established, there was, as there 
still is, a definite demand on the part of telephone women for 
health information in which they could have absolute confi- 
dence. They wanted facts separated from fads and fancies. 
Our course was designed to meet this demand. It provided 
instruction in emergency care of minor illnesses and injuries, 
the principles of hygiene and the elements of the care of the sick 
in the home. We were not and we are not now trying to turn 
out the equivalent of professional nurses, so far as the care of 
the sick is concerned. It is merely intended, with respect to 
this part of the course, to fit telephone women to do the simple 
home nursing, which under any conditions many of them may 
be called upon to do at some time or other, a little more ca- 
pably than they could do it without this training.” 


The Health Course Grows 


During its first year, more than 17,000 telephone women 
were enrolled in the Health Course, of whom more than 14,000 
were graduated. In the second year, more than 45,000 were 
enrolled, of whom more than seventy-four per cent completed 
the course. Since the course was established, more than 149,- 
000 women have been graduated. Of these, many have con- 
tinued their studies by taking advanced courses in first aid 
treatment and nutrition, the graduates of the latter course now 
numbering more than 7,000. 

“In the preparation and development of the Health Course, 
and of all of our health activities,” says Mr. Schaefer, “we 
have had the valuable advice and active participation of our 
associates in the operating departments here at headquarters 
and in the Associated Companies. I am sure that Dr. L. D. 
Bristol, our Health Director, who is now in charge of health 
educational work, recognizes, as we have in the past, the im- 
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portant assistance given us by these representatives of other 
departments. I am certain, too, that he will agree with me 
that a tribute is due to the women of all ranks of the organiza- 
tion who have participated so wholeheartedly in the work, and 
made so many sound suggestions for its improvement.” 

Among the multitude of changes brought by the passing 
years, few have contributed more importantly to the improve- 
ment of telephone service than those which have had to do with 
the health of employees. This has been particularly true as 
applied to the women at the switchboard. The gradual growth 
of the Bell System’s interest in the health of its employees and 
the evolution of means for the practical application of this in- 
terest have been integral parts of the evolution of telephone 
service itself—steps in the steady advance toward the objective 
of the best telephone service that it is humanly possible to pro- 
vide, at the lowest possible cost. 

R. T. BARRETT 
(To be concluded) 
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The World’s Telephone Statistics 


January 1, 1934 


S the years go by, the telephone becomes more and more 
firmly established as an invaluable instrumentality of 
economic and social welfare. Although telephone facilities are 
much more extensive in the United States than elsewhere, the 
annual surveys of telephone growth and development through- 
out the world undertaken by the Chief Statistician of the 
American Telephone and Telegraph Company show an unmis- 
takable trend towards greater telephone usage in every coun- 
try. The results of the latest survey have recently been 
published in a pamphlet entitled “Telephone and Telegraph 
Statistics of the World, January 1, 1934.” The figures and 
charts in this article have been taken from that pamphlet. 


DISTRIBUTION OF THE WORLD'S TELEPHONES 
January 1, 1934 


ALL OTHER EUROPEAN 
COUNTRIES 


FRANCE 








GREAT BRITAIN 
ALL OTHER 


COUNTRIES 
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NITED STAT 


There were 32,495,855 telephones in the world on January 
1, 1934. Of these, 16,710,858, or 51.4 per cent, were in the 
United States. This number was almost 50 per cent greater 
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than the number of telephones (11,306,955) in all of Europe, 
although Europe has a population four and a half times that of 
this country. The remaining 4,478,042 telephones were dis- 
tributed among the countries outside the United States and 
Europe. 


COMPARATIVE TELEPHONE DEVELOPMENT OF COUNTRIES 
The table, “ Telephone Development of the World, by Coun- 


TELEPHONES PER 100 POPULATION 
January 1,1934 


° 
UNITED STATES 
CANADA 
NEW ZEALAND 
DENMARK 
SWEDEN 
SWITZERLAND 
AUSTRALIA 
NORWAY 
GREAT BRITAIN 
GERMANY 
NETHERLANDS 
BELGIUM 
FINLAND 
AUSTRIA 
FRANCE 
ARGENTINA 
JAPAN 
HUNGARY 
SPAIN 
ITALY 
CZECHOSLOVAKIA 
CHILE 
CUBA 
MEXICO 
POLAND 
BRAZIL 
RUSSIA 





















| | | 
2 4 6 “ 10 12 14 
Telephones per 100 Population 











tries,” presents data for individual countries of the world in 
respect of telephone density, conventionally measured by the 
number of telephones in relation to each 100 of the popula- 
tion. The supremacy of the United States in point of tele- 
phone development remains undisputed, this country having 
13.29 telephones per 100 population. The Dominion of 
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Canada continues in second position with 11.15, New Zealand 
is third (10.01), Denmark fourth (9.99), and Sweden fifth 
(9.51). In regard to the major European countries, Great 
Britain, with a development of 4.78, ranks tenth; Germany, 
which has 2,953,614 telephones and is second to the United 
States in absolute number of instruments, ranks eleventh as re- 
gards telephones per 100 population (4.48); while France 
ranks sixteenth, with 3.19. Japan, with a little over one mil- 
lion telephones, is the outstanding telephone country in Asia, al- 
though its development of only one and one-half telephones for 
each 100 of its people is well below that of the larger Occidental 


OWNERSHIP OF THE WORLD'S TELEPHONES 
January 1,1934 





GOVERNMENT 
37.4% 


PRIVATE 
62.6% 


countries. Argentina, with a telephone development of 2.64, 
leads all other South American countries. 

Of the total number of telephones in the world, 62.6 per cent 
are in systems which are owned and operated by private com- 
panies. The achievement of the private companies in the 
United States, the best developed country in the world tele- 
phonically, is well known. In Canada, the next best developed 
country, 84 per cent of the telephones are under private owner- 
ship and management. Denmark ranks fourth in respect of 
telephone development and over 95 per cent of its telephones 
are owned and operated by private companies. In striking 
contrast to these countries are the three major European na- 
tions, Great Britain, Germany, and France, where the tele- 
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phone service is operated exclusively by the government and 
which rank tenth, eleventh, and sixteenth, respectively, as 
regards telephone development. 


TELEPHONES IN LARGE AND SMALL COMMUNITIES 


Telephone development is not only higher, but is more 
widely distributed, in the United States than in other countries. 
The table “ Telephone Development of Large and Small Com- 
munities” gives some indication of this fact. It will be ob- 
served that in the smaller communities—those with less than 
50,000 inhabitants—the United States averaged 9.76 tele- 
phones per 100 population. This not only exceeds the de- 
velopment of the smaller communities in all other countries, 
but reflects a considerably better telephone development of 
these communities in this country than the development ofall 
but three foreign countries as a whole. Compared to these 
American standards, telephone facilities in the smaller towns 
and rural areas abroad are generally exceedingly limited: in 
Great Britain, there were only 3.18 telephones per 100 popula- 
tion in the smaller communities, in Germany 2.69, and in 
France 1.84. 


TELEPHONES IN LARGE CITIES 


Among the large cities of the world, Washington, D. C., leads 
in respect of telephone development, with 35.31 telephones 
per 100 population. San Francisco is second, with a develop- 
ment of 35.00. As a matter of fact, except for the Swedish 
city of Stockholm, which has a development of 31.95, and the 
two Canadian cities of Vancouver (27.51) and Toronto 
(24.44), no large foreign city has a better telephone develop- 
ment than the first thirty-five ranking cities in the United 
States, nine of which are among the cities shown on the accom- 
panying chart “Telephones per 100 Population of Large 
Cities.” It is interesting to compare the telephone develop- 
ment of Europe’s larger cities with that of the metropolitan 
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TELEPHONES PER 100 POPULATION 
OF LARGE CITIES 
January 1, [934 


WASHINGTON 
SAN FRANCISCO 
STOCKHOLM 
DENVER 
VANCOUVER 
LOS ANGELES 
OMAHA 
SEATTLE 
TORONTO 
MINNEAPOLIS 
CHICAGO 
NEW YORK 
ZURICH 
COPENHAGEN 
OSLO 
PITTSBURGH 
GOTHENBURG 
MONTREAL 
PARIS 
HELSINGFORS 
HONOLULU 
BERLIN 
BRUSSELS 
AUCKLAND 
HAMBURG-ALTONA 
LONDON 
SYONEY 
VIENNA 
COLOGNE 
ROME 
ANTWERP 
AMSTERDAM 
ROTTERDAM 
DANZIG 








BUENOS AIRES 
MADRID 

RIGA 
BUDAPEST 
PRAGUE 
GLASGOW 


UAH 


BIRMINGHAM 
LIVERPOOL 
MEXICO CITY 
WARSAW 
BARCELONA 
DUBLIN 

OSAKA 
MANILA 
LISBON 
MARSEILLES 
TOKIO 

HAVANA 
SHANGHAI 

RIO DE JANEIRO 
BUCHAREST 
MOSCOW 
LENINGRAD 
HONG KONG 
PEIPING 


10 15 20 25 30 35 
Telephones per i00 Population 
centers of the United States. Thus, New York had 20.83 tele- 
phones per 100 of its inhabitants, whereas London had only 
9.07. Chicago had 22.35, against 10.85 for Berlin. Los 
Angeles had 25.75, while Paris had 14.18. 
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TELEPHONE DEVELOPMENT OF LARGE CITIES 


January 1, 1934 
Estimated 
Population 
Country and City (City or Exchange 
(or Exchange Area) Area) 
ARGENTINA: 
OS Ee ee 2,970,000 
AUSTRALIA: 
rik srg Dnt he a 313,000 
a Si ee ai 301,000 
0 EE eer 996,000 
0 ARES ee eee 1,240,000 
AUSTRIA: 
eink eek atinek Gare Rbk acaleels 160,000 
NS Huldees ae awteace veces 1,900,000 
BELGIum: ** 
SG oo wawhibinn an betas 530,000 
0 ES eS ae a 966,000 
i inadhb chard bab dank gin 427,000 
BRAZIL: 
Tene GO FORGO. 6 6 occ ceccsccr 1,717,000 
CANADA: 
Se rrr. sae 1,017,000 
SN iad one eu awake 4 alee 186,700 
Se a Ea 757,000 
INS ccna dsc: ate'a.n wawwss 189,000 
CHINA: 
dias lad Soa amt nid oe 1,050,000 
LO See eee 850,000 
ih couhseciovesahsen 1,520,000 
air ica t eare sh e'swre os 1,500,000 
CUBA: 
Ns wt daha abnde xeie ws 780,000 
CZECHOSLOVAKIA: 
SE Ae dhes sods ee aweee'en 910,000 
DANZIG: 
Free City of Danzig.......... 263,000 
DENMARK: 
I ca tctecesakueées §13,000 
FINLAND: 
ESTERS a 265,000 
FRANCE: 
a oe cai) saw ere ane 267,000 
NE ein (at uiclb'c a dawn ah 8's wate 202,000 
ins ccatisvedindanuwees 667,000 
NS aa 6.5 oe aie dau aw ocd 895,000 
eh Rien seduce ave 2,900,000 
GERMANY:# 
| Ee ee eee 4,205,000 
I ia waa aidics uit bs d's 080 aie 625,000 
DCM chesebbuseneeeds ex 758,000 
I a eed hes a Saraa. ae ok 726,000 
0 EES ee ee 582,000 
ae RE ee 660,000 
Frankfort-on-Main.......... 648,000 
Hamburg-Altona............ 1,643,000 
el et 766,000 
eee 738,000 
GREAT BRITAIN AND No. IRELAND:# 
SS nia cdiave 6 w dreiaonca ste 415,000 
Ns sina dan whee ned 1,200,000 
ERE Sohal Ber yn ac daa we 415,000 
Rs araile ok alla 6 & xm eiaoe 442,000 
es a vis bho x 640 1,190,000 
RE ee 512,000 
REE er ee 1,196,000 
at ane a oe ae eae 9,170,000 
DE og ok so aoa Vas 1,100,000 
0 eee 470,000 
NS ora Wiles auger whee 518,000 
Hawall: 
ei eib ts tok ween 138,000 
HUNGARY: 
SL ER Re eee 1,350,000 
Rad adc dekee cu oes 140,000 
IrnisH Free STatTeE:# 
a ave hint ice cea 00% 424,000 


Number of 
Telephones 


179,154 


27,692 
25,107 
94,779 
108,679 


8,019 
159,478 


38,993 
103,580 
23,001 


55,460 


164,184 
35,256 
184,982 
51,888 


7,300 
14,871 
12,390 
49,401 


26,801 
45,451 
16,725 
165,518 
36,962 


19,551 
16,954 
35,345 
32,428 
411,249 


456,304 
40,192 
62,254 
58,560 
22,826 
28,748 
59,752 

150,292 
63,369 
74,152 


17,945 
59,248 
21,015 
31,873 
58,806 
24,135 
57,993 
831,800 
64,402 
19,527 
19,829 


15,446 


74,743 
1,898 


18,972 





Telephones 
per 100 
Population 


6.03 


8.85 
8.34 
9.52 
8.77 


* 5.01 
8.39 


7.36 
10.72 
5.39 


3.23 


16.14 
18.88 
24.44 
27.51 


0.70 
1.75 
0.82 
3.29 


3.44 
4.99 
6.36 
20.36 
13.95 


7.32 
8.39 
5.30 
3.62 
14.18 


10.85 
6.42 
8.21 
8.07 
3.92 
4.35 
9.22 
9.15 
8.27 

10.05 


4.32 
4.94 
5.06 
7.21 
4.94 
4.71 
4.85 
9.07 
5.85 
4.16 
3.83 


11.19 


5.54 
1.36 


4.47 











TELEPHONE DEVELOPMENT OF LARGE CITIES (Concluded) 
January 1, 1934 
Estimated 
Population Telephones 
Country and City (City or Exchange Number of per 100 
(or Exchange Area) Area) Telephones Population 
ITALY: 
EE Se ee, 1,025,000 84,956 8.29 
ads <wekassubeuink vee 1,000,000 26,135 2.61 
BL con cwwtko uae tae Oe 1,045,000 79,247 7.58 
JAPAN:# 
RG Nincitik's aided enwrkws eee 837,000 32,482 3.88 
a oe ae ee es 1,027,000 40,695 3.96 
SR Te eee Rs 990,000 33,243 3.36 
cite Nets 1% debated 2,654,000 117,104 4.41 
REE ARS ce df 5,486,000 195,225 3.56 
LATVIA:# 
Ss ac odnid Sn ohn Pee 417,000 23,134 5.55 
Mexico:t 
nt ee 1,100,000 51,492 4.68 
NETHERLANDS: 
(See 778,000 54,952 7.06 
a. ck 4-0. kts ee 159,000 11,975 7.53 
SS SP re <P 608,000 39,677 6.53 
ET SI ee SS 508,000 48,262 9.50 
NEW ZEALAND:# 
[BR eS te 214,000 21,262 9.94 
Norway:* . 
IN ens 33.4: shacarat's wb x < cate aaa 250,000 50,763 20.31 
PHILIPPINE ISLANDS: 
aa cits Gasy ak eeneen 390,000 17,136 4.39 
POLAND: 
ES re eae eee 875,000 13,360 1.53 
MII od 3 ic se a b'titn 0 och a 1,230,000 56,839 4.62 
PORTUGAL: 
IS chins shu akg Groat buh Ga, beeen eee 630,000 26,455 4.20 
ROUMANIA: 
SE bw cccidh emeneeawe 670,000 21,450 3.20 
RUSSIA: 
IE. va 5 cen caealkeakts 2,800,000 76,933 2.75 
RR  e-e N 3,700,000 117,619 3.18 
SPAIN: 
POP 1,050,000 47,212 4.50 
Cina «oh esevdewet ean 980,000 56,558 5.77 
SWEDEN: 
SE ss cca duces Sebeaias 253,000 41,965 16.59 
Ns 5.5 cas wane kame 6 omeSa 132,000 20,329 15.40 
ee ee 438,000 139,933 31.95 
SWITZERLAND: 
 gicrwhwn oe chen an ae 150,000 30,208 20.14 
P< 5 séetabeeadamaeheen 113,000 23,250 20.58 
eee te 146,000 26,589 18.21 
ee ae eee! 263,000 53,799 20.45 
UNITED StaTEs: (See Note) 
ee Se, 6s Sink ah a0caunne ee 7,180,000 1,495,922 20.83 
oa 4 Gs wae wee ae 3,575,000 799,122 22.35 
ING os 6 <0 0 4a cd cee 1,364,000 351,174 25.75 
PG «iva. 0k «ase dain 1,007,900 182,483 18.11 
Total 10 cities over 1,000,000 
eRe < 22,020,600 4,393,541 19.95 
ERE 754,900 132,991 17.62 
DR RS occ csccicaauds 681,000 238,384 35.00 
a ere 506,300 178,761 35.31 
re 502,000 116,145 23.14 
Total 10 cities with 500,000 
to 1,000,000 Population... 6,445,300 1,289,569 20.01 
6. 55a ee ee 414,000 101,398 24.49 
Pe re ee eee 298,000 85,215 28.60 
CN vars 6 os. bin a Kae wren Roan 236,300 58,780 24.88 
0 ee ee ee ee 234,300 51,640 22.04 
Total 33 cities with 200,000 
to 500,000 Population. ... 9,832,900 1,723,484 17.53 
Total 53 cities with more 
than 200,000 Population.. 38,298,800 7,406,594 19.34 
NOTE: There are shown, for purposes of comparison with cities in other countries, the total 
development of all cities in the United States in certain population groups, and the development of 
certain representative cities within each of such groups. 
+ January 1, 1933. * June 30, 1933. ** February 28, 1934. # March 31, 1934. 
tt International Settlement and French Concession. 
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The table headed “‘ Telephone Development of Large Cities ” 
gives further details of the development of the more important 
cities in the various countries of the world. Statistics are 
presented also for the telephone development of American 
cities according to various population classes, which may be 
summarized as follows: 


Telephones 

per 100 Pop. 
10 cities with more than 1,000,000 population.................... 19.95 
10 cities with 500,000 to 1,000,000 population.................... 20.01 
33 cities with 200,000 to 500,000 population..................... 17.53 
53 cities with over 200,000 population. ................ 0c e eens 19.34 
All communities with more than 50,000 population............... 18.54 


These figures indicate clearly the consistently high telephone 
development prevailing throughout the United States. In 
other countries, telephone service is generally concentrated in 
the larger cities. London had more than 37 per cent of all the 
telephones in Great Britain and Northern Ireland, Berlin more 
than 15 per cent of the German telephones, Paris over 30 per 
cent of the French telephones, Stockholm more than 23 per 
cent of the Swedish telephones. By way of contrast, New 
York had less than 9 per cent of the telephones in the United 
States, and Chicago less than 5 per cent. 

K. Fick 
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DR. JEWETT HONORED BY BRITISH ENGINEERS 


R. FRANK B. JEWETT, Vice President of the American 

Telephone and Telegraph Company and President of the 
Bell Telephone Laboratories, was the recipient, on May 2, of 
the Faraday Medal, the highest honor bestowed by the Insti- 
tution of Electrical Engineers, of London. The presentation 
was made at a meeting of the organization held in the British 
capital. 

The medal was presented by Dr. W. M. Thornton, President 
of the Institution, and an address setting forth Dr. Jewett’s 
contributions to the development of communication was de- 
livered by Frank Gill. Mr. Gill was for many years an execu- 
tive of the European branch of the Western Electric Company 
and as such was closely associated with developments in which 
Dr. Jewett played an important part. In outlining Dr. 
Jewett’s career, he referred to the extension of telephone 
service in America until it had become continent-wide in its 
reach, and to the development of overseas radio telephone 
service. He pointed out that the Bell Telephone Laboratories, 
of which Dr. Jewett is the head, and Dr. Jewett himself as an 
individual had made outstanding contributions to these com- 
munication developments. 

In a brief address of acceptance, Dr. Jewett expressed his 
satisfaction in the cordial relationships existing between Ameri- 
can and British engineers and scientists in the field of elec- 
tricity. He outlined some of the steps which have been taken 
in America toward stimulating interest on the part of gradu- 
ates of scientific and engineering schools in research work in 
the communication field. 

The Faraday Medal, established by the Institution in 1922, 
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is of bronze. It is awarded “for notable scientific achieve- 
ment in electrical engineering, or for conspicuous services ren- 
dered to the advancement of electrical science.” In awarding 
the medal, recipients are selected without restriction as to na- 
tionality, country of residence or membership in the Institution. 
Dr. Jewett is the second American who has been honored by the 
award. Elihu Thomson, distinguished engineer in the field of 
electric light and power, received the Faraday Medal in 1927. 
Since Dr. Thomson is of English birth, Dr. Jewett becomes the 
first American-born scientist to receive the award. 


JAPANESE CONFER ORDER OF RISING SUN 
ON BELL LABORATORIES ENGINEER 


HE Imperial Order of the Rising Sun was recently con- 
ferred on G. W. Gilman, of the Transmission Develop- 
ment Department, Bell Telephone Laboratories, by Minister 
of Communications Tokonami of Japan. The award was in 
recognition of Mr. Gilman’s codperative efforts in the prepara- 
tions for radio telephone service between the United States and 
Japan. At the same time, Mr. Tokonami expressed his ap- 
preciation of Mrs. Gilman’s assistance in these preparations. 
During the year that Mr. and Mrs. Gilman spent in Japan, 
elaborate preparation for connecting Tokyo with various world 
centers by short-wave radio telephony was in progress. Mr. 
Gilman codperated with the Japanese engineers in the testing 
of the equipment to be used on the service to the United States 
and in the formulation of routine testing and operating pro- 
cedures to be followed upon the opening of service. He also 
represented the American Telephone and Telegraph Company 
in matters pertaining to the contractual arrangements for this 
service. Mrs. Gilman assisted in the training of traffic op- 
erators, instructing them in the pronunciation of names and the 
use of terms and expressions that are more or less standardized 
in the United States. 
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Other Bell System engineers and scientists who have been 
honored by the Japanese government include the late John J. 
Carty, who was decorated by the Emperor in 1909 with the 
Order of the Rising Sun and in 1912 with the Imperial Order 
of the Sacred Treasure of Meiji; Dr. Frank B. Jewett, who re- 
ceived the Order of the Rising Sun in 1923 and the Order of 
the Sacred Treasure in 1930; and Bancroft Gherardi, who re- 
ceived the Order of the Rising Sun in 1923. 


TWO-WAY TELEPHONE CONVERSATION IS HELD 
ENTIRELY AROUND THE WORLD 


HE human voice traveled around the world for a new dis- 
tance and time record on April 25 when President Walter 
S. Gifford of the American Telephone and Telegraph Company 
talked over a 23,000-mile telephone and radio circuit which 
originated and terminated in the Long Lines building in New 
York City. “ This is another step in the conquest of time and 
space by man,” said Mr. Gifford to Vice-president T. G. Miller, 
head of the Long Lines Department, “and proves there are no 
earthly limits to human speech.” 

In this first demonstration of a two-way telephone call 
around the world, Mr. Gifford used the longest telephone circuit 
ever established. The route of the call was through San Fran- 
cisco, Java, Amsterdam, London, and back to New York. 

From New York Mr. Gifford’s voice crossed the continent 
over wire through St. Louis and Los Angeles to San Francisco, 
and then to the Bell System’s short wave transmitting station 
at Dixon, California. From this station Mr. Gifford’s voice 
was transmitted 9,000 miles across the Pacific to the overseas 
telephone terminal of the Netherlands Telephone Administra- 
tion at Bandoeng, Java. Here it was transferred to another 
short wave radio telephone circuit spanning the distance of 
7,000 miles to Amsterdam. By submarine cable beneath the 
North Sea the voice path led over wires and cables to the Lon- 
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don trunk exchange and thence to the Rugby radio station of 
the British Post Office. At Rugby the voice impulses were 
again sent out by short wave radio and were received at the 
American Telephone and Telegraph Company station at Net- 
cong, New Jersey. The remainder of the route was over tele- 
phone cable. 

Mr. Miller’s answering voice sped in the opposite direction. 
At Lawrenceville, New Jersey, it was put on the air to be re- 
ceived at Baldock, England. Thence it went by wire through 
London to Amsterdam, where a short wave radio telephone sta- 
tion once more sped the voice impulses through the ether to 
Java. Thence the final radio stage was to California, and by 
wire and cable back to New York. 

The circuit linking the two telephones, which were actually 
within fifty feet of each other, was more than 23,000 miles long. 
The voice impulses covered this distance in a quarter of a 
second. Following his informal conversation with Mr. Miller, 
Mr. Gifford called the roll of the various points through which 
the circuit passed, speaking in turn with the telephone engineers 
at San Francisco, Java, Amsterdam and London. 








